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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS GREEN 


The contents of each series are listed on pages iv to viii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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INTEGRATED CIRCUITS (PURPLE SERIES) 


The purple series of data handbooks comprises: 


EXISTING SERIES Superseded by: 


IC1 Bipolar ICs for radio and audio equipment | ICO1N 
iC2 — Bipolar ICs for video equipment 1CO2Na and ICO2Nb 
iC3 iCs for digital systems in radio, audio and video equipment ICO1N, [CO2Na and [CO2Nb 
iC4 Digital integrated circuits 
CMOS HE4000B family 
ICS —_—_Digital integrated circuits — ECL | | iCO8N 
ECL10000 (GX family), ECL100 000 (HX family), dedicated designs | 
ICG Professional analogue integrated circuits 
iC7 Signetics bipolar memories 
iC8 Signetics analogue circuits IC11N 
Ic9 Signetics TTL logic ICOON and IC15N 
ici0 Signetics Integrated Fuse Logic (IFL) IC13N 
1C11. + Microprocessors, microcomputers and peripheral circuitry | IC1T4N 
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SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 


S17 


S2a 


_ S$2b 


$3 


S4a 


S4b 


S5 


S6 


$7 


$8 


S9 


$10 


$11 


$12 


$13 


eaeaad silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

Power diodes 

Thyristors and triacs 

Smali-signal transistors 

Low-frequency power transistors and hybrid modules 

High-voltage and switching power transistors 

Field-effect transistors 

R.F. power transistors and modules 

Surface mounted semiconductors 

Devices for optoelectronics 

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

Power MOS transistors 

Wideband transistors and wideband hybrid IC modules 

Microwave transistors 


Surface acoustic wave devices 


Semiconductor sensors 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 


T2a 


T2b 


T3 


T4 


T5 


T6 


T7 


T8 


T9 


T10 


T11 


T12 


T13 


T14 


T15 


T16 


Tubes for r.f. heating 

Transmitting tubes for communications, glass types 
Transmitting tubes for communications, ceramic types 
Klystrons 

Magnetrons for microwave heating 


Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 


Geiger-Muller tubes 
Gas-filled tubes (will not be reprinted) 


Colour display systems 


- Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 


Photo and electron multipliers 

Plumbicon camera tubes and accessories 
Microwave semiconductors and components 
Vidicon and Newvicon camera tubes 


Image intensifiers 


| Data collations on these subjects are available now. 


Infrared detect 
eee ns | Data Handbooks will be published in 1985. 


Dry reed switches 


Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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NEW SERIES 


iICO1N 


ICO2Na 


ICO2Nb 


ICO3N 


ICO4N 


iICOSN 


ICO6N 


Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 
Types MAB8031AH to TDA1524A 


Video and associated systems 
Bipolar, MOS 
Types TDA2501 to TEA1002 


integrated circuits for telephony 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS 


High-speed CMOS; PC54/74HC/HCT/HCU 
Logic family 


Supplement High-speed CMOS; PC74HC/HCT/HCU 


to ICO6N 


i1CO7N 


[CO8N 


iCOSN 


IC1ON 


iC11N 


IC12N 


IC13N 


IC14N 


iC15N 


Note 


Books available in the new series are shown with their date of publication. 


Logic family 


High-speed CMOS; PC54/74HC/HCT/HCU — uncased ICs 
Logic family 


ECL 10K and 100K logic families 
TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LS! 


Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 


Semi-custom 
Integrated Fuse Logic 


Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 


FAST TTL logic series 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 


(published 1985) 


(published 1985) 


(published 1984) 


(published 1984) 


(published 1985) 


(published 1985) 


(published 1985) 


(published 1984) 
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COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C1 


C2 
C3 
C4 
C5 
C6 
C7 
C8 
c9 
C10 
C11 


C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21* 


C22 


Programmable controller modules 
PLC modules, PC20 modules 


Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 
Loudspeakers 

Ferroxcube potcores, square cores and cross cores 

Ferroxcube for power, audio/video and accelerators 

Synchronous motors and gearboxes 

Variable capacitors — 

Variable mains transformers 

Piezoelectric quartz devices 

Connectors 


Varistors, thermistors and sensors 


Potentiometers, encoders and switches 
Fixed resistors 

Electrolytic and solid capacitors 

Ceramic capacitors 

Permanent magnet materials 

Stepping motors and associated electronics 
Direct current motors 

Piezoelectric ceramics 


Wire-wound components for TVs and monitors 


Assemblies for industrial use | 
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices 


Film capacitors 


* To be issued shortly. 
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SELECTION GUIDE 
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Mm 
o GENERAL PURPOSE DARLINGTON TRANSISTORS @ = 
2 : — 
Es collector-emitter voltage (open base) Vcg¢o (V) [Pro case = 2 
3 c = 
Pee fiw ew fo fo oe eS 
= 0,5 | N BUB24 | TO-202 
oi 1 N | BDx42* | BDX43* | BDX44* | TO- 126 
P BDX45* | BDX46* | BDX47* 
4 | N | BD675 | BD677 | BD679 | BD681 | BDES3 40 TO-126 
| P BD676 | BD678 |BD680 | BD682 | BDES4 
iN BDT61 | BDT61A | BDT61B | BDTG61C 50 TO-220 
P BDT6O | BDT60A | BDT6OB | BDT6OC 
N TIP110 | TIP111 | TIP112 50 TO-220 
P TIP115 | TIP116 | TIP117 
5 N TIP120 | TIP121 | TIP122 65 TO-220 
P TIP125 | TIP126 | TIP127 
6 N BU826 125 SOT-93 
N BD331 | BD333 | BD335 | BD337 60 SOT-82 
| P BD332 | BD334 | BD336 | BD338 
8. | N BD645 | BD647 | BD649 | BDE51 62,5 | TO-220 
P BD646 | BD648 | BD650 | BDE52 
N BU807 | BU806 60 TO-220 
N BDT21 62,5 | TO-220 
P BDT20 
N BDX63 | BDX63A | BDX63B | BDX63C 90 TO-3 
P BDX62 | BDX62A | BDX62B | BDX62C 
N TIP130 | TIP131 | TIP132 70 TO-220 
P TIP135 | TIP136 | TIP137 | 
10 N BDT63 | BDT63A | BDT63B | BDT63C 90 TO-220 
P BDT62 | BDT62A | BDT62B | BDT62C 
N TIP140 | TIP141 | TIP142 | 125 SOT-93 
TIP 147 
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TIP146 
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BDT65A 
BDT64A 
BDV65A 
BDV64A 
BDX65A 
BDX64A 


BDV67A 
BDV66A 
BDX67A 
BDX66A 


BDX69A 
BDX68A 


vuzausyzZ vAz2Nzvuszvuszvs 


BDT65B 
BDT64B 
BDV65B 
BDV64B 
BDX65B 
BDX64B 


BDV67B 
BDV66B 
BDX67B 
BDX66B 


BDX69B 
BDX68B 


BDT65C 
BDT64C 
BDV65C 
BDV64C 
BDX65C 
BDX64C 


BDV67C 
BDV66C 
BDX67C 
BDX66C 


BDX69C 
BDX68C 


BD 139 
BD140 
BD829 
BD830 
BDW59 
BDW60 


BD230 
BD231 
BD8 43 
BD844 


BDT29B 
BDT30B 
TIP29B 
TIP30B 


collector-emitter voltage (open base) VcEQC (V 
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BDT29C 
BDT30C 
TIP29C 
TIP30C 
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200 
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TO-3 


TO-3 
SOT-93 
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TO-126 
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GENERAL PURPOSE POWER TRANSISTORS (continued) 
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20 22 

BD329 

BD330 
BD433 
BD434 
BD943 
BD944 
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32 


BD436 


BD945 


| BD9 46 


BD435 


40 


BDT 41 
BDT42 
TIP41 


TIP42 


45 


BD233 
BD234 
BD8 13 
ine 


| BD239 
BD240 
BD131 
BD132 


BD933 
BD934 


| 60 


BD235 
BD236 
BD815 
BD8 16 


BD239A 
BD240A 


BD935 
BD936 
BDT31A 
BDT32A 
TIP31A 
TIP32A 


BD241A 
BD242A 
BDX35 
BDX36 
BD949 
BD950 


BD243A 
BD244A 
BDT4iA 
BDT42A 
TIP41A 


| TIP4ZA 


BD237 


| BD238 
| BD817 


BD8 18 
BD239B 


| BD240B 


BD937 
BD938 
BDT31B 
BDT32B 


TIP31B 


TIP32B 


BD241B 
BD242B 
BDX37 


BD951 
BD952 


BD243B 
BD244B 
BDT41B 
BDT42B 
TIP41B 


TIP42B | 


BD239C 
BD240C 


BD939 


BD9 40 


| BDT31C 


BDT32C 
TIP31C 
TIP32C 


BD241C 
BD242C 


| BD953 
| BD954 


BD243C 
BD244C 


| BDT41C 


BDT42C 
TIP41C 
TIP42€ 


BD941 
BD942 


BD955 
BD956 


Prot 
W 


30 


40 


| 36 


40 


15 


40 


65 


65 


80 


case 


‘T0-126 


TO-202 


TO-220 


TO-126 


TO-220 


TO-220 
TO-126 


TO-220 
TO-126 


TO-220 


TO-220 
TO-220 
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oe 
'@) 
ma 
O 
za 


Ic pol. | collector-emitter voltage (open base) VcFg (V) Ptot case 
A | 
20 B= f° |e [os [ofa fw 

8 N | BD201 | BD203  |BDX77 TO-220 
P BD202 | BD204 |BDxX78 
N BDX91 |BDX93 | BDX95 90 TO-3 
P BDX92 |BDX94 | BDX96 

10 N PH3055T 75 TO-220 
P PH2955T 
N | BDT91 |BDT93 | BDT95 | | 90 : TO-220 
P BDT92 {BDT94 | BDT96 
N BDV91 /BDV93 | BDV95 | 100 SOT-93 
P BDV92 {BDV94 BDV96 | 
N TIP33 TIP33A |TIP33B | TIP33C | 80 SOT-93 
P TIP34 TIP34A |TIP34B | TIP34C | 

15 N BDT51 jBDT53 | BOT55 | BDTS7 90 TO-220 
P BDT52 |BDT54 | BDT56 BDT58 | | 
N BDT81 |BDT83 | BDT85 BDT87 125 TO-220 
P | BDT82 |BDT84 | BDT86 BDT88 : 
N TIP3055 | | 100 SOT-93 
P | | TIP2955 | | | | 


Special: TIP47; 48; 49; 50 with Ver, of 250, 300, 350, 400 V respectively at I, = 1 A and P,,, = 40 Win TO-220. 


LOW-VOLTAGE SWITCHING TRANSISTORS 
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collector-emitter voltage (open base) VCEO (V} Prot case 


‘BDY92 


|BDY9 1 


G86L Jaquiaidas 


S 


AQIND 
NOILOA14aS 


9 


2) 
@O 
1°) 
md 
oO 
3 
on 
i$?) 
— 
om 
Ke 
Oo 
oi 


HIGH-VOLTAGE TRANSISTORS video output - deflection - SMPS - motor control 
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BF587 
BUX86 
PH13003 
BUW84 
BUX84 
BUX84F 
BUX46 
BUT11 BU506;D 
BUT11F 
BUW11 BU706;D 
BUS11 
BUS21A BUS21B 
BU426 | BU426A 
BU433 
BUX82 
BUV82 


BF471* 
BF472* 
BF585 

BF871* 
BF872* 


BF 459 


BF859 


BUX99 
PH13002 


collector-emitter voltage (open base) VcEQ (V) 


case 


TO-126 


TO-202 


| TO-202 


TO-126 


TO-202 


TO-202 


TO- 126 
TO- 126 


SOT-82 
TO-220 


SOT-186 


SOT-93 
TO-3 
TO-220 


SOT- 186 


SOT-93 
TO-3 


SOT-93 
SOT-93 
TO-3 
SOT-93 
TO-3 
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Ic pol. collector-emitter voltage (open base) Vcgo (V) Prot case 
“| | 160 | 250 | 300 | s50_ [375 | aoo_ aso | 700 =f eo | S| 
8 N BUV89 125 SOT-93 
N BUW12 | BUWI2A 125 SOT-93 
N BUS12 BUS12A 125 10-3 
N | BUS22 BUS22A BUS22B | BUS22C 
N BUP22 BUP22A BUP22B | BUP22C | BU508A 125 SOT-93 
9 N BUX47 BUX47A 125 TO=3 
10 N BUX80_ =| BUX81 100 TO-3 
12 | N BU808 BUX88 160 TO-3 
15 N BUW13 | BUW13A. 175 SOT-93 
N BUS13 | BUS13A 175 TO-3 
N BUX48 BUX48A 175 TO-3 
N BUP23A BUP23B | BUP23C 175 SOT-93 
N BUS23A BUS23B | BUS23C 175 TO-3 
30 N BUS 14 BUS14A .- 250 TO=3 
N BUX98 BUX98A 250 TO-3 
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CLIP MOUNTING 


envelope 


TO-126 
(SOT-32) 


SOT-82 


TO-220 
(SOT-78) 


SOT-93 


SCREW MOUNTING 


envelope 


TO-126 
(SOT-32) 
up to 300 V 


TO-220 
(SOT-78) 
up to 800 V 
up to 1000 V 


SOT-93 
TO-3 
(SOT-3) 
up to 500 V 


up to 2000 V 


ACCESSORIES 


direct mounting 


56353 


56354 


56354 


56369 or 


56378 


direct mounting 


metal 
washer 


56326 


56360a 


mounting mica 
material washer 
M3 
56387a 
M3 
56359b 
56359b 
M4 56368a 
M4 


56201d 


56339 


The accessories mentioned can be supplied on request. 


See also chapter Mounting Instructions. 
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insulated mounting 


56367 


insulated mounting 


insul. 
bush 


56387b 


56359c 
56359d 


56368b 


56201 j 
5626la 
56352 


or 


metal 
washer 


56360a 
56360a 


mounting 
material 


M3 


M3 


SELECTION 
GUIDE 


TO-126 
(SOT-32) 


SOT-186 
(TO-220F) 


" 


NPN PNP 


BUX84F 
BUX85F 


BUT 11F 
BUT 11AF 


BF469 
BF471 


BDX42 
BDX43 
BDX44 


BF419 
BF457 
BF 458 
BF459 


BD135 
BD137 
BD139 
BDW55 
BDW57 
BDW59 


BD226 
BD228 
BD230 


BD131 
BD329 
BDX35 
BDX36 
BDX37 


BUX86 
BUX87 


BD233 
BD235 
BD237 


BUX99 
PH13002 
PH13003 


BD433 
BD435 
BD437 


BD675 
BD677 
BD679 
BD68 1 
BD683 


TO-202 
(SOT-128) 


type number 


* VCER: * VCER: . 
() free air dissipation. 
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SELECTION 
GUIDE 


type number 


NPN 


BD239 
BD239A 
BD239B 
BD239C 
BD933 
BD935 
BD937 
BD939 
BD941 
BDT29 
BDT29A 
BDT29B 
BDT29C 
TIP29 
TIP29A 
TIP29B 
TIP2Z9C 


BD241 
BD241A 
BD241B 
BD24iC 
TIP47 
TIP48 
TIP49 
TIP50 
BD943 © 
BD945 
BD947 
BD949 
BD951 
BD953 
~BD955 
BDT3 1 
BDT3 1A 
BDT31B 
BDT31C 
BUX84 
BUX85 
TIP31 
TIP31A 
TIP31B 
TIP31IC 


PNP 


BD240 
BD240A 
BD240B 
BD240C 
BD934 
BD936 
BD938 
BD940 
BD942 
BDT30 
BDT30A 
BDT30B 
BDT30C 
TIP30 
TIP30A 
TIP30B 
TIP30C 


BD242 

BD242A 
BD242B 
BD242C 


BD944 
BD946 
BD948 
BD950 
BD952 
BD954 
BD956 
BDT32 
BDT32A 
BDT32B 
BDT32C 


TIP32 
TIP32A 
TIP32B 
TIP32C 
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TO-220 
(SOT-78) 


BDT61 

BDT61A 
BDT6 1B 
BDT61C 
TIP110 


~TIP111 


TIP112 
BD201 
BD203 
BDX77 
BUS8O7 
BU806 


BD645 
BD647 
BD649 
BD65 1 
BDT2 1 


BD243 

BD243A 
BD243B 
BD243C 
BDT4 1 

BDT41A 
BDT41B 
BDT41C 
TIP 41 

TIP41A 
TIP41B 
TIP41C 
TIP120 
TIP121 
TIP122 


TIP 130 
TIP131 
TIP132 


PH3055T 


BDT5 1 
BDT53 
BDT55 
BDT57 
BDT63 
BDT63A 
BDT63B 
BDT63C 
BDT9 1 
BDT93 
BDT95 


BDT60 
BDT60A 
BDT60B 
BDT60C 
TIP115 
TIP116 
TIP117 
BD202 
BD204 
BDX78 


BD646 
BD648 
BD650 
BD652 
BDT20 


BD244 

BD244A 
BD244B 
BD244C 
BDT42 

BDT42A 
BDT42B 
BDT42C 
TIP42 

TIP42A 
TIP42B 
TIP42C 
TIP125 
TIP126 
TIP127 


TIP135 
TIP 136 
TIP137 


PH2955T 


BDT52 
BDT54 
BDT56 
BDT58 
BDT62 
BDT62A 
BDT62B 
BDT62C 
BDT92 
BDT94 
BDT96 


50 


60 


62,5 


65 


70 


75 
90 


SELECTION 
GUIDE 


type number 


BUT 11 
BUTI1A 
BUS06 
BUSO6D 


BDT65 
BDT65A 


BDT65B 
BDT65C 


BDTS8 1 
BDT83 
BDT85 
BDT87 


SOT-93 
(SOT-93) 


BDV65 
BDV65A 
BDV65B 
BDV65C 
TIP140 
TIP141 
TIP142 
BUP22 

BUP22A 
BUP22B 
BUP22C 
BUV9O 

BUVIOA 
BUW12 

BUW12A 
BUSO8A 
BU508D 
BUV89 


BUP23 


TIP147 


TIP33C 
BDV9 1 


BDV93 

BDV95 BUP23A 
BUW11A BUP23C 
BU706 BUW13 


TIP3055 TIP2955 


BDV67 

BDV67A 
BDV67B 
BDV67C 


BDV66C 
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SELECTION 
GUIDE 


TO-3 Pas 
= up| 


BUS13 175 
BUS13A 
BUS23 
BUS23A 
BUS23B 
- BuSs23¢ 
BUX48 
| BUX48A 
| BDX69 BDX68 200 | 60 
| BDX69A BDX68A 80 
| BDX69B BDX68B 100 
| BDX69C BDX68C 120 
| BUS 14 250 | 400 
| BUS14A 450 
| BUX98 400 
| BDX63 BDX62 90 | 60 | Buxosa 50 
BDX91 | BDX92 60 
BDX63A BDX62A 80 
BDX93 BDX94 80 
BDX63B BDX62B 100 
BDX95 BDX96 100 
| BDX63C | BDX62C 120 _ SOT-82, 
| BUS 11 100 400 ae (SOT-82) 
| BUSTIA | 450 
; BUS21 300 
| BUS2Z1A 350 
| BUS21B 400 type number 
BUS2Z1C 450 
BUX80 400 
BUXS 1 450 
BDX65 BDX64 117 | 60 
BDX65A BDX64A 80 
BDX65B BDX6 4B 100 
BDX65C BDK64c | 490 
BUS 12 


BUS22B 
BUS22C 


BUX47 
BUX47A 


BDX67 BDX66 


BDX67A 
BDX67B 
BDX67C 


BU808 
BUX88 


BDX66A 
BDX66B 
BDX66C 


September 1985 


TYPE NUMBER SURVEY 


TYPE NUMBER 
SURVEY 


TYPE NUMBER SURVEY POWER TRANSISTORS 


type number 
NPN PNP envelope envelope 


14 
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BD131 BD132 TO-126 
BD135 BD 136 TO-126 
BD137 BD138 TO-126 
BD139 BD 140 TO-126 
BD201 BD202 TO-220 
BD203 BD204 TO-220 
BD226 BD227 TO-126 
BD228 BD229 TO- 126 
BD230 BD231 TO-126 
BD233 BD234 TO- 126 
BD235 BD236 TO-126 
BD237 BD238 TO-126 
BD239 BD240 TO-~220 
BD239A BD240A TO-220 
BD239B BD240B TO-220 
BD239C BD240C TO-220 
pp241 BD242 TO-220 
BD241A BD242A TO-220 
BD241B BD242B TO-220 
BD241C BD242C TO-220 
BD243 BD244 TO-220 
BD243A BD244A TO-220 
BD243B BD244B TO-220 
BD243¢ BD244C TO-220 
BD329 BD330 TO--12 

-BD331 BD332 SOT-82 
BD333 BD334  SOT-82 
BD335 BD336 SOT-82 
BD337 BD338 " SOT-82 
BD433 BD434 TO- 126 
BD435 BD436 TO- 126 
BD437 BD438 TO-126 
BD645 BD646 TO-220 
BD647 BD64S TO- 220 
BD649 BD650 TO-220 


~ BD652 


BD676 
BD678 
BD680 
BD682 


BD684 
BD814 
BD8 16 
BD818 
BD826 


BD828 
BD830 
BD840 
BD8 42 
BD844 


BD8 46 
BD848 
BD850 
BD934 
BD936 


BD938 
BD940 
BD942 
BD944 
BD946 


BD948 
BD950 
BD952 
BD955 
BD957 


BDT20 
BDT30 
BDT30A 
BDT30B 
BDT30C 


type number 


NPN 


BDT31 
BDT31A 
BDT31B 
BDT31C 
BDT4 1 


BDT41A 
BDT41B 
BDT41C 
BDT5 1 
BDT53 


BDT55 
BDT57 
BDT6 1 
BDT61A 
BDT61B 


BDT6 1C 
BDT63 

BDT63A 
BDT63B 
BDT63C 


BDT65 
BDT65A 
BDT65B 
BOT65C 
BDTS 1 


BDT83 
BDT85 
BDT87 
BDT91 
BDT93 


BDT9 
BDV65 
BDV65A 
BDV65B 
BDV65C 


BDV67A 


BDV67B 


BDV67C 
BDV67D 
BDV9 1 


PNP 


BDT32 
BDT32A 
BDT32B 
BDT3.2C 
BDT42 


BDT42A 
BDT42B 
BDT42C 
BDT52 
BDT54 


BDT56 
BDT58 
BDTGO 
BDT6OA 
BDT60B 


BDT60C 
BDT62 

BDT62A 
BDT62B 
BDT62C 


BDT64 
BDT64A 
BDT64B 
BDT64C 
BDT82 


BDT84 
BDT86 
BDT88 
BDT92 
BDT94 


BDT96 
BDV64 
BDV64A 
BDV6 4B 
BDV64C 


BDV66A 
BDV66B 
BDV66C 
BDV66D 
BDV92 


envelope 


TO=220 
TO-220 
TO=220 
TO-2206 
TO-220 


TO+220 
TO--220 
TO-220 
TO-220 
TO220 


TO-220 
TO=220 
TO=-220 
TO-220 
TO+220 


TO-220 
TO--220 
TO#220 
TQ*220 
TO=220 


TO- 220 
TO~220 
TO-220 
TO-220 


TOG 


TO=220 
TO-220 
TO=220 
TO-220 
TO-220 


102220 
SOT+93 
SOT-93 
SOT-93 
SOE93 


50T-93 
301-93 
DOL a3 
S0T=93 
SOT-93 


BDX69B 
BDX69C 
BDX77 
BDX9 1 
BDX93 


BDX95 
BDY90 
BDY9OA 
BDY9 1 
BDY92 


BF419 
BF457 
BF458 
BF459 
BF469 


TYPE NUMBER 


SURVEY 
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TYPE NUMBER 
SURVEY 


16 


type ees 


NPN 


BF471 
BF583 
BF585 
BF587 
BF591 


BF593 
BF819 
BF857 
BF858 
BF859 


BF869 
BF87 1 


BU426; A 


BU 433 
BU505 


BU506 


— BUSOED 


BUSO8A 
BU5O8D 


~BU705 


BU706 
BU706D 
BU806 
BU807 
BUS8O8 


BU824 
BU826 
BUP22 
BUP22A 
BUP22B 


BUP22C 
BUP23 

BUP23A 
BUP23B 
BUP23C 


BUS11; A 
BUS12; A 
BUS13; A 
BUS14; A 
BUS21 
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TO-126 
TO-202 
TO-202 
10-202 
TO-202 


TO-202 
TO-202 
TO-202 
TO-202 
TO-202 


TO-202 
T0-202 
SOT-93 
SOT-93 
TO-220 


TO-220 
TO-220 
SOT-93A 
SOT-93A 
SOT-93A 


SOT-93A 
SOT-93A 
TO-220 
TO-220 
TO-3 


TO-202 
SOT-93 
SOT-93 
SOT-93 
SOT-93 


SOT-93 
SOT-93 
SOT-93 
SOT-33 
SOT=93 


TO-3 
TO-3 
TO-3 
TO-3 
TO-3 


BUS2 1B 
BUS21C 


| BUS22 


BUS22A 


BUS22B 
BUS22C 
BUS 23 


| BUS23A 


BUS23B 


BUS23C 
BUT11; A 
BUT11F 
BUT 11AF 

BUV82; 83 


BUV89 

BUVSIO; 
BUW11; 
BUW12; 
BUW13; 


| BUW84; 


BUX46; 


| BUX47; 


BUX48; 
BUX80; 


BUX82 ; 
BUX84; 
BUX84F 
BUX85F 
BUX86; 


BUX88 
BUX90 


BUX98; A 


BUX99 


 BUY89 


PH3055T 
PH13002 
PH 13003 
TIP29 

TIP29A 


PH2955T 


TIP30 
TIP30A 


type number 
envelope rNpN | PNP envelope 


| BUS21A 


TO=3 
TO-3 
TO-3 
TO=3 
TO-3 


TO-3 
TO=3 
TO-3 
TO-3 
TO-3 


TO=3 

TO-220 
SOT~- 186 
SOT-186 
SOT=93 


SOT-93A 
SOT=393 
SOT=92 
SOT-93 
SOr= 93 


SOT-82 
TO=3 
T0235 
TO-3 
1073 


TO-3 

TO-220 
SOT- 186 
SOT- 186 
TO-126 


TO-3 
TO-3 
TO-3 
TO-126 
TO~3 


TO-220 
TO-126 
TO-126 
TO-220 
TO-220 


TYPE NUMBER 
SURVEY 


envelope envelope 
TIP29B TIP30B TO-220 TIP48 ie 220 40 
TIP29C TIP30C TO-220 TIP49 0-220 40 
TIP31 TIP32 TO-220 TIP50 - 220 40 
TIP31A TIP32A TO-220 TIiP1t0 TIP115 TO-220 50 
TIP31B TIP32B TO=220 TIP111 TIP116 TO~220 50 
TIP31C TIF32C TOs220 IP112 TEP TTT TO220 50 
TIP33 TIP34 SOT+93 TIP120 TIP725 TO-220 65 
TIP33A TIP34A SOT-93 TIP121 TIP126 TO-220 65 
TIP33B TIP34B SOT-93 TIP122 TIP127 TO-220 65 
TIP33¢C TIP34c SOT-93 TIP130 TIP135 TO-220 10 
TIP41 TIP4? TO-220 TIP131 TIP136 TO-220 70 
TIP41A TIP42A TO-220 TIP132 TIP137 TO-220 70 
TIP41B TIP42B TO-220 TIP140 TIP145 SOT=93 125 
TIP41C TIP42c TO=290 TIP141 TIP146 SOT-93 125 


TIP47 TO--220 TIP142 TIP147 


TIP3055 TIP2955 SOT -93 100 

TYPE NUMBER SURVEY ACCESSORIES 
type number description envelope 
56201d mica washer (up to 500 V) TO-3 
56201) insulating bushes (up to 500 V) TO-3 
56261a insulating bushes (up to 500 V) TO-3 
56326 metal washer TO-126 
56339 mica washer (500 to 2000 V) TO-3 
56352 insulating mounting support TO-3 
56353 spring clip TO-126/SOT-82 
56354 mica insulator TO-126/SOT-82 
56359b mica washer (up to 1000 V) TO-220 
56359c insulating bush (up to 800 V) TO-220 
56359d rectangular insulating bush (up to 1000 V) TO-220 
56360a rectangular washer (brass) TO-220 
56363 spring clip (direct mounting) TO-220 
56364 spring clip (insulated mounting) TO-220 
56367 alumina insulator (up to 2000 V) TO-220 
56368a mica insulator (up to 800 V) SOT-93 
56368b insulating bush (up to 800 V) SOT-93 
56369 mica insulator (up to 2 kV) TO-220 
56378 mica insulator (up to 1500 V) SOT-93 
56379 spring clip SOT-93 
56387a mica insulator (up to 300 V) TO-126 
56387b insulating bush (up to 300 V) TO-126 
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Rating systems 
Transistor ratings 
Letter symbols 
SOAR curves 


TRANSISTOR 
RATINGS 


TRANSISTOR RATINGS 


The ratings are presented as voltage, current, power and temperature ratings. The list of these ratings 
and their definitions is given as follows: 


Transistor voltage ratings 
Collector to base voltage ratings 


VCBmax The maximum permissible instantaneous voltage between collector and base 
terminals. The collector voltage is negative with respect to base in PNP tran- 
sistors and positive with respect to base in NPN types. 


VCBmax (IE = 0) The maximum permissible instantaneous voltage between collector and base 
terminals, when the emitter terminal is open circuited. 


Emitter to base voltage ratings 


VEBmax The maximum permissible instantaneous reverse voltage between emitter and 
base terminal. The emitter voltage is negative with respect to base for PNP 
transistor and positive with respect to base for NPN types. 


VEBmax (Ic = 0) The maximum permissible instantaneous reverse voltage between emitter and 
base terminals when the collector terminal is open circuited. 


Collector to emitter voltage ratings 


VCEmax The maximum permissible instantaneous voltage between collector and emitter 
terminals. The collector voltage is negative with respect to emitter in PNP 
transistors and positive with respect to emitter in NPN types. This rating is 
very dependent on circuit conditions and collector current and it is necessary 
to refer to the curve of Vcr versus Ic for the appropriate circuit condition 
in order to obtain the correct rating. 


VCEmax (Cut-off) The maximum permissible instantaneous voltage between collector and emitter 
terminals when the emitter current is reduced to zero by means of a reverse 
emitter base voltage, i.e. the base voltage is normally positive with respect to 
emitter for PNP transistor and negative with respect to emitter for NPN types. 


RB 
NOTE: The term “cut-off” is sometimes replaced by Ver > x volts, or Ro’ < y which are equivalent 
E 


conditions under which the device may be cut-off. 


VCEmax (Ic = x MA) The maximum permissible instantaneous voltage between collector and emitter 
. terminals when the collector current is at a high value, often the max. rated 
value. 


VCEmax (!p = 0) The maximum permissible instantaneous voltage between collector and emitter 
terminals when the base terminal is open circuited or when a very high resistance 
is in series with the base terminal. Special care must be taken to ensure that 
thermal runaway due to excessive collector leakage current does not occur in 
this condition. 


Due to the current dependency of V¢g it is usual to present this information as a voltage rating chart 
which is a curve of collector current versus collector to emitter voltage (see Fig. 1). 
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RATINGS 


This curve is divided into two areas: 


A permissible area of operation under all conditions of base drive provided the dissipation rating is not 
exceeded (area 1) and an area where operation is allowable under certain specified conditions (area 2). 
To assist in determining the rating in this second area, further curves are provided relating the voltage 
rating to external circuit conditions, for example: 


Rp 


Rp, Z V irae Be 
Re’ B “Bg Y BE: 'B RB 


RB 
An example of this type of curve is given in Fig. 2 as Vcg versus for two different values of 
collector current. E 


7275911 7275910 


Re/Re 


Fig. 1. Fig. 2. 


It should be noted that when R¢ is shunted by a capacitor, the collector voltage Vcg during switching 
must be restricted to a value which does not rely on the effect of Re. 

In the case of an inductive load and when an energy rating is given, it may be permissible to operate 
outside the rated area provided the spcified energy rating is not exceeded. 


Transistor current ratings 


Collector current ratings 


ICmax The maximum permissible collector current. Without further qualification, the 
d.c. value is implied. 

IC(AV)max The maximum permissible average value of the total collector current 

lcm The maximum permissible instantaneous value of the total collector current. 

Emitter current ratings 

lEmax The maximum permissible emitter current. Without further qualification, the 
d.c. value is implied. 

lE(AV)max The maximum permissible average value of the total emitter current. 

lER(AV)max The maximum permissible average value of the total emitter current when 
operating in the reverse emitter-base breakdown region. 

lIEM The maximum permissible instantaneous value of the total emitter current. 

lERM The maximum permissible instantaneous value of the total reverse emitter 


current allowable in the reverse breakdown region. 
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Transistor ratings 


Base current ratings 


IBmax The maximum permissible base current. Without further qualification, the d.c. 
value is implied. 

IB(AV)max The maximum permissible average value of the total base current. 

IBR(AV)max The maximum permissible average value of the total reverse base current allow- 


able in the reverse breakdown region. 


IBM The maximum permissible instantaneous value of the total base current. The 
rating also includes the switch off current. 


IBRM The maximum permissible instantaneous value of the total reverse current 
allowable in the reverse breakdown region. 


Transistor power ratings 


Peot Max: The total maximum permissible continuous power dissipation in the transistor and includes 
both the collector-base dissipation and the emitter-base dissipation. Under steady state conditions the 
total power is given by the expression: 


Prot = VcE X Ic + VBE x Ip. 


In order to distinguish between ’’steady state’’ and ‘’pulse’’ conditions the terms ‘’steady state power 
(Ps) and ’’pulse power (Pp)’’ are often used. The permissible total power dissipation is dependent 
upon temperature and its relationship is shown by means of a chart as shown in Fig. 3. 


7275912 
tot 


temperature 


Fig. 3. 


The temperature may be ambient, case or mounting base temperatures. Where a cooling clip or a 
heatsink is attached to the device, the allowable power dissipation is also dependent on the efficiency 
of the heatsink. 


The efficiency of this clip or heatsink is measured in terms of its thermal resistance (Ry, ,) normally 


expressed in degrees kelvin per watt (K/W). For mounting base rated devices, the added effect of the 
contact resistance (R+p, ;) must be taken into account. 


The effect of heatsinks of various thermal resistance and contact resistance is often included in the 
above chart. 
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Thus for any heatsink of known thermal resistance and any given ambient temperature, the maximum 
permissible power dissipation can be established. Alternatively, knowing the power dissipation which 
will occur and the ambient temperature, the necessary heatsink thermal resistance can be calculated. 


A general expression from which the total permissible steady state power dissipation can be calculated 
is: 


where R¢h j-a is the thermal resistance from the transistor junction to the ambient. For case rated or 
mounting base rated devices, the thermal resistance R¢p j-q is made up of the thermal resistance junction 
to case or mounting base (R¢p j-mb), the contact thermal resistance (Rp ;) and the heatsink thermal 
resistance Ryp p. 


For the calculation of pulse power operation Po. the maximum pulse power is obtained by the aid of 
a chart as shown in Fig. 4. 


Ztht 
PS 


t 


d (duty factor) = = 


pulse width 7275913 
Fig. 4. 
The general expression from which the maximum pulse power dissipation can be calculated is: 


Bh azs Tj - Tamb - Ps X Rth j-a 
z Ztht +d (Rth ca) 

where Z+p ¢ and d are given in the above chart and R¢p ¢.g is the thermal resistance between case and 

ambient for case rated device. For mounting base rated device, it is equal to Ry, , + Rep j and is zero 

for free air rated device because the effect of the temperature rise of the case over the ambient for a 

pulse train is already included in Z¢p ¢. 


Temperature ratings 


Tjmax The maximum permissible junction temperature which is used as the basis for 
the calculation of power ratings. Unless otherwise stated, the continuous value 
is implied. 

Tjmax (continous The maximum permissible continuous value. 

operation) 

Tjmax (intermittent The maximum permissible instantaneous junction temperature usually allowed | 

operation) for a total duration of 200 hours. 

Tmb The temperature of the surface making contact with a heatsink. This is confined 


to devices where a flange or stud for fixing onto a heatsink forms an integral 
part of the envelope. 


Tease The temperature of the envelope. This is confined to devices to which may be 
attached a clip-on cooling fin. 
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RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 


Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined ney its published data, and should not be exceed- 
ed under the worst. probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations | in the charac- 
teristics of the electronic device under consideration. . 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in | 
characteristics of all other devices in the equipment, equipment control ajUs Pens load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its $ published data, and should not be exceed: 
ed under normal conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the Sevicg 

in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design centre value for the intended. 
service is exceeded with a bogey electronic device in equipment operating at the stated normal. supely 
voltage. | 
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LETTER SYMBOLS FOR TRANSISTORS AND SIGNAL DIODES 
based on IEC Publication 148 


LETTER SYMBOLS FOR CURRENTS, VOLTAGES AND POWERS 
Basic letters 
The basic letters to be used are: 


I, i = current 
V, V = voltage 
P, p = power. 


Lower-case basic letters shall be used for the representation of instantaneous values 


which vary with time. 
In all other instances upper-case basic letters shall be used. 


Subscripts 

A, a Anode terminal 

(AV), (av) Average value 

Bz. ib Base terminal, for MOS devices: Substrate 

(BR) Breakdown 

Cee Collector terminal 

D,d Drain terminal 

Eo Emitter terminal 

I, f Forward 

G,g Gate terminal 

K. k Cathode terminal 

M,m Peak value 

O.0 As third subscript: The terminal not mentioned is open circuited 
Rok As first subscript: Reverse. As second subscript: Repetitive. 


As third subscript: With a specified resistance between the termina] 
not mentioned and the reference terminal. 

(RMS), (rms) R.M.S. value 

As first or second subscript: Source terminal (for FETS only) 
S, s As second subscript: Non-repetitive (not for FETS) 
As third subscript: Short circuit between the terminal not mentioned 

and the reference terminal 

Specified circuit 
Replaces R to indicate the actual working voltage, current or power 
of voltage reference and voltage regulator diodes. 


N rs 
N 


Note: No additional subscript is used for d.c. values. 
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Upper -case subscripts shall be used for the indication of: | 


| continuous (d. c.) values (without signal) 
Example ‘B 


b) instantaneous total values | 
| Example ip 
c) average total values | 
| . ea Example IB(AV) 
d) peak total values 
| Example Ipnyy 

e) root-mean-square total values 

| Example Ta(RMS) 


Lower-case subscripts shall be used for the indication of values applying to the varying 
component alone : 


a) instantaneous values 
Example ip © 
b) root-mean-square values | 
| | | Example Ip(rms) 
c) peak values. - 7 
| Example Ipm 


d) average values . 
Example Ipav) 


Note: If more than one subscript is used, subscript for which both styles exist shall 
either be all upper-case or all lower-case. 


Additional rules for subscripts 
Subscripts for currents 


Transistors: If it is necessary to indicate the terminal carrying the current, this should 
be done by the first subscript kc onvemtiona current flow from the external 
circuit into the terminal is positive). 


Examples: Ip, ip, ip: Ipm 


Diodes: To indicate a forward current (conventional current flow into the anode 
terminal) the subscript F or f should be used; for a reverse current 
(conventional current flow out of the anode terminal) the subscript Rorr 
should be used. 


Examples: Ip, Ip, if, Ifrms) 
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Subscripts for voltages 


Transistors: If it is necessary to indicate the points between which a voltage is meas- 
ured, this should be done by the first two subscripts. The. first subscript 
indicates the terminal at which the voltage is measured and the second the 
reference terminal or the circuit node. Where there is no possibility of 
confusion, the second subscript may be omitted. 

Examples: V Me enh WV Vv. 

BE’ BE’ be’ bem 

Diodes: To indicate a forward voltage (anode positive with respect to cathode), the 
subscript I or f should be used; for a reverse voltage (anode negative with 
respect to cathode) the subscript R or r should be used. 


Examples: Vp Vo Vio oor 


Subscripts for supply voltages or supply currents 


Supply voltages or supply currents shall be indicated by repeating the appropriate term- 
inal subscript. 
Examples: V ] 
CC’ “EE 
Note: If it is necessary to indicate a reference terminal, this should be done by a third 
subscript 


Example: VocR 


Subscripts for devices having more than one terminal of the same kind 


If a device has more than one terminal of the same kind, the subscript is formed by the 
appropriate letter for the terminal followed by a number; in the case of multiple sub- 
scripts, hyphens may be necessary to avoid misunderstanding. 


Examples: I = continuous (d.c.) current flowing 


B2 : . ae ; 
into the second base terminal 
V = continuous (d.c.) voltage between 
B2-E ; 
the terminals of second base and 
emitter 


Subscripts for multiple devices 


For multiple unit devices, the subscripts are modified by a number preceding the letter 
subscript; in the case of multiple subscripts, hyphens may be necessary to avoid mis- 
understanding. . 


Examples: I9q = continuous (d.c.) current flowing 
into the collector terminal of the 
second unit 


= continuous (d.c.) voltage between 
the collector terminals of the 
first and the second unit. 
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Application of the rules 


The figure below represents a transistor collector current as a function of time. It con- 
sists of a continuous (d.c.) current and a varying component. 


collector | \ fi \ 
current | / ; | 
| , — f~ —lom Y— — 


$ —~ 7 —_— Leirms) | a ; 


Telav) y \ . i t 
le | 
Toirms) = ' | 


I¢ Tom / Tocav) 
(no signal) 


Ld | 


LETTER SYMBOLS FOR ELECTRICAL PARAMETERS 


time 7265988 


Definition 


For the purpose of this Publication, the term "electrical parameter" applies to four- 
pole matrix parameters, elements of electrical equivalent circuits, electrical impedan- 
ces and admittances, inductances and capacitances. 


Basic letters 


The following is a list of the most important basic letters used for electrical parameters 
of semiconductor devices. 


B,b = susceptance; imaginary part of an admittance 
C = capacitance 

G,g = conductance; real part of an admittance 

H,h = hybrid parameter 

L = inductance 

R,r = resistance; real part of an impedance 

X,X = reactance; imaginary part of an impedance 
Y,y = admittance; 


Z,zZ% = impedance; 


30 February 1974 


LETTER SYMBOLS 


Upper-case letters shall be used for the representation of: 


a) electrical parameters of external circuits and of circuits in which the device forms 
only a part: 


b) all inductances and capacitances. 

lower-case letters shall -be used for the representation.of clectrical parameters: inher 
ent in the device (with the exception of inductances and capacitances). 

Subscripts 

General subscripts 


The tollowing is a list of the most important general subscripts used for electrical para- 
meters of semiconductor devices: 


F,f = forward; forward transfer 
1,i(or 1) = input 

L, 1 = load 

O, o (or 2) = output 

Is ok = reverse; reverse transfer 
5, s = source 


Examples: Zo: he he 


The upper-case variant of a subscript shall be used for the designation of static (d.c.) 
values. 


Examples : hop = static value of forward current transfer ratio in common- 
“ emitter configuration (d.c. current gain) 
Re = d.c. value of the external emitter resistance. 


Note: The static value is the slope of the line from the origin to the operating point on 
the appropriate characteristic curve, i.e. the quotient of the appropriate electri- 
cal quantities at the operating point. 


The lower-case variant of a subscript shall be used for the designation of small-signal 


values. 
Examples: Dee = small-signal value of the short-circuit forward 
current transfer ratio in common-emitter confi- 
guration 


ui 


Zo= Ro +e IX, small-signal value of the external impedance 


e 


Note: If more than one subscript is used, subscripts for which both styles exist shall 
either be all upper-case or all lower-case | 


FE’ YRE’ “fe 
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Examples: h 


LETTER SYMBOLS 


Subscripts for four-pole matrix parameters 


The first letter subscript (or double numeric subscript) indicates input, output, forward 
transfer or reverse transfer 


A further subscript is used for the identification of the circuit configuration. When no 
confusion is possible, this further subscript may be omitted. 


Examples: Dee (or h E (or h 


21e” ne 218) 


Distinction between real and imaginary parts 


If it is necessary to distinguish between real and imaginary parts of electrical parame- 
ters, no additional subscripts should be used. If basic symbols for the real and imagina- 
ry parts exist, these may be used. 
Examples: Z. = R, Sy ix, 
Vf 


e ~ Ste Ibe. 


If such symbols do not exist or if they are not suitable, the following notation shall be 
used: 


Examples: Re (he) etc. for the real part of Day 


Im (hi) etc. for the imaginary part of hey 
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TRANSISTOR SAFE OPERATING AREA 


lf a power transistor is to give reliable service, four operating limits must be observed: 


— Maximum collector current. 

— Maximum coliector-emitter voltage. 
— Maximum power dissipation. 

— Second breakdown limit. 


These limits are all specified in the data sheets; the purpose here is to enable designers to make the 
best use of that information. 


Collector current 


Maximum collector current ICmax is specified in the data sheets for d.c. operation. For pulsed 
Operation a higher collector current icmax is permitted, for a defined maximum pulse length 
(max. 20 ms) and duty factor (usually 0,01). 


For power switching transistors | ccat is given; this is the value at which switching times and saturation 
voltage is measured. 


Collector-emitter voltage 


Maximum collector-emitter voltage VcEo is also specified in the data sheets, but no extension is 
allowed for pulsed operation. In the case of power transistors specifically designed for switching 
inductive loads some extension may be allowed, but then only under specified conditions of collector 
current, base-emitter voltage and emitter-base resistance as stated in the relevant data sheets. 


Power dissipation 


Maximum power dissipation Pyot max is specified in the data sheets for a given mounting base 
temperature. This is usually 25 °C but may be any, much higher temperature. Pyo¢ max applies up to 
the stated temperature; above it derating must be applied. A power derating curve of the form shown 
in Fig. 1a and 1b is given in the data sheets. With it, maximum allowable power dissipation can be 
calculated for any mounting base temperature up to Tj max. 


7282917 


7277038 


maximum permissible dissipation 
versus mounting base temperature 


ACT 
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SOAR 


Total power dissipation is given by 


Prot = IcVcE + IBVBE. 


The second term can usually be disregarded, so Ptot © ICVCE. 
Heat dissipated in the collector-base junction flows through the thermal resistance between junction 


and mounting base, see Fig. 2. 


mounting 


junction eee 


Rthj—mb mb 
Prot —> O——__} OO Prot 


T; Tmb 


7289359 


Fig. 2 Heat transport in a transistor with power 
dissipation constant with respect to time. 


By analogy with Ohm’s law, under steady-state conditions (d.c. operation). 


For pulsed operation a higher dissipation is permitted, because 


— the junction does not have time to heat up fully unless the pulses are so long as to approximate 
steady-state conditions; 

-- the junction has time wholly or partly to cool down in the interval between pulses, except with very 
high duty factors. 


Analogy with 
Tj - Tmb 


eet eee 
Rth j-mb 
yields 
Tj — Tmb 


2th j-mb 
where Ptot mM is the total pulsed power and Zth j-mb is the thermal impedance between junction and 
mounting base. Thermal impedance depends on pulse duration tp and duty factor 6 = tp/T. T is the 
pulse period. A family of curves of thermal impedance against pulse duration with duty factor as 
parameter is shown in Fig. 3. 


Prot M= 
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Reh j-mb 


Zi, (O6=1) curve 


made to coincide 
with Rinjemh curve 


pulse duration tp 


Fig. 3 A typical family of Z4, j-mb Curves for a power transistor. 


In essence, at or below Tmpb spec there is a fixed limit to Ptot M max; above Tmb spec, Ptot M max 
declines linearly with increasing mounting base temperature. As illustrated in Fig. 4, for non-rectangular 
pulses 


t2 


Prot max-tp= f  P.tp. 
ty 
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Second breakdown 


In the forward-biased condition second breakdown is thermally triggered. Consider the chip as a large 
number of elemental transistors in parallel, some of which will have a lower forward voltage drop than 
others. Current will tend to concentrate in these, raising their temperature and further lowering their 
forward voltage drop. Current will concentrate still further, leading to local overheating and eventually 

—s toa short circuit between emitter and collector. This effect is dependent of mounting base tempera- 
ture, which is related to the average junction temperature. Under reverse-bias conditions, when Vcg is 
greater than VCEQmax, the chance of second breakdown is always present. This is a particular hazard 
in timebase and converter applications. 


THE SOAR BOUNDARIES 


The four limits just described form the boundaries of the Safe Operating Area. Figure 5 shows a 
SOAR plotted on a log-log grid. The right-hand boundary is formed by VcEQmax, which extends up 
to a collector current of about 300 mA. Above this point, as I¢ is increased VCf£ must be reduced to 
prevent second breakdown. 


The upper boundary is formed by I¢max, which extends to where the product of ICmax and VCE 
equals the maximum allowable power dissipation. From this point Iq must be reduced with increasing 
VCE, thus forming the maximum power dissipation boundary. The maximum power dissipation 
boundary normally intersects the second breakdown boundary at some point. However, for values of 
Tmb above Tmb spec, Ptot max Must be reduced (as shown by the broken line in Fig. 5), so that the 
boundary of maximum power dissipation intersects the second breakdown boundary at a lower point. 
With high values of Tmp, the second breakdown boundary may be excluded altogether. 
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Fig. 5 A typical SOAR graph with boundaries named. 
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EXTENDING THE SOAR FOR SINGLE-SHOT AND REPETITIVE PULSED OPERATION 


The data sheets for power transistors contain, apart from the d.c. SOAR, a set of curves that apply 
under specific pulse conditions. These will cover some 90% of applications. In addition to these, 
SOAR curves can be constructed by the circuit designer for specific operating conditions. The various 
extensions dealt with below will refer to Figs 5, 6 and 7. 


ICMmax 

The extent to which the Ic boundary can be extended for pulse operation depends on pulse duration 
and duty factor, the limit being ICiimax, which applies at a duty factor of 0,01 and a pulse length of 
20 ms or less. Together the ICMmax and VCEQmax boundaries form a rectangle that in no circumstance 
should be exceeded. Moreover, the rectangle may be reduced by further restrictions imposed by power 
dissipation and second breakdown. The example shown in Fig. 6 is for an IChfmax of 12 A anda 
VCEOmax of 60 V. 
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Fig. 6 Maximum collector current and 
collector-emitter voltage boundaries. 
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Prot max 
The Ptot max boundary given in the data sheet usually applies to: 


Tmb = 25 °C; 5 = 0,01 and tp = a range of values, say, 5 us to 2 ms. 


For any deviations from these values a new Ptot max boundary must be constructed. 
From 


Tj max — Tmb. 


Prot Mmax = 7 ee 
j-m 


Tj max is stated in the data sheets; Zth j-mb can be read from the curve, similar to Fig. 3, also given in 
the data sheets. Thus Ptot \Amax can be calculated and an appropriate boundary can be drawn in the 
SOAR curve parallel to the Prot max line. An example will illustrate this. Assume: 


Tj max = 150 °C; Tmb = 80 °C; tp = 0,2 ms and 6 = 0,1. - 
From Fig. 7, Zth j-mb = 0,5 K/W for the given values of tp and 6. 


150 — 80 


Ptot Mmax = 05 = 140 W. 


Thus from an arbitrary point (say 7 A, 20 V) we can draw a line parallel to the Prot max line 
(see Fig. 6). 
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Fig. 7 Transient thermal impedance for example. 
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TRANSISTOR DATA 


BF 419 


HIGH—VOLTAGE TRANSISTOR 


Silicon n-p-n transistor in TO-126 plastic envelope intended for use as a driver for line output transistors 
in colour tv receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcCBO max. 300 V 
Collector-emitter voltage (open base) VCEO max. 250 V 
Collector current (peak value) Iom max. 300 mA 
Total power dissipation up to Tmp = 90 PC Prot max. 6 W 
Junction temperature Tj max. 150 oC 
D.C. current gain 

Ic = 20 mA; VcE = 10 V hee typ. 45 
Storage time ts typ. 0.5 ys 
MECHANICAL DATA Dimensions in mm 


Fig.1 TO-126 (SOT-32) 


Coilector connected to 
mounting base 


(1) Within this region the cross-section of the leads is uncontrolled 


See also chapters Mounting Instructions and Accessories. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


| Collector-base voltage (open emitter) pre, ~VcBo max. 300 Vv 
Collector-emitter voltage (RgE <1 k&2) VceR max. ~——-300 Nv 
Collector-emitter voltage (open base) | VCEO — max. 250 V 
Emitter-base voltage (open collector) VEBO max. a) V 
Collector current (continuous) lc max. 100 mA 
Collector current (peak value) * | lo max. 300 mA 

Total power dissipation up toTpp=90°C = * Pex max. — 6 W 

| uptoTamb=70°C = Prot _ max. 0.8 w 
Storage temperature a Tstg —65 to +150 oc 
Operating junction temperature Tj max. 150 oC 
THERMAL RESISTANCE | 
From junction to mounting base eee a Rth j-mb “= 10 K/W 
From junction to ambient | Rthj-a = 100. K/W 


* Precautions should be taken during switch-on of the BF419 where an overshoot of current is likely 
to occur. The amplitude of the overshoot depends on the relative magnitude of stray external 
capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a minimum 
by short lead lengths etc. so as to minimise ae area of the switching path. 
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High-voltage transistor BF 419 


CHARACTERISTICS 


Tj = 25 9C 
Collector cut-off current 

lp = 0; Veg = 250 V ICBO < 50 nA 
Emitter cut-off current 

lc =0O;VeR=za3SV lEBO a 50 nA 
D.C. current gain 

Ic = 20 mA; VcgE = 10 V hFE typ. 45 
Collector-emitter saturation voltage 

Ic = 200 mA; Ip = 20 mA * VCEsat < 11 V 
Collector output capacitance at f= 1 MHz 

lc = 0; Vcp = 30 V CTc < 4.5 pF 
Storage time 

(in the typical circuit below) ts typ. 0.5 US 


* The BF419 is controlled to VCEsat max. 11.0 V and is thermally stable under all operating 
conditions where T; max of 150 °C is not exceeded. For the typical circuit shown below, a heatsink 
is not required for operation with Tamb < 70 °C. 
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Fig.2 Typical circuit. 


** Rp is chosen so that the end-of-scan base current for the BU508A is 1.4 A under nominal 
conditions. Typical value of Rg is 0.5 Q plus 0.1 82 lead resistance. 
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Fig.3 Safe Operating AReas with the aie forward biased. 
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BF457 to BF459 


SILICON PLANAR TRANSISTORS 


for video output stages 


N-P-N transistors in a SOT-32 plastic envelope intended for video output stages in black-and-white and 


in colour television receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 


Collector-emitter voltage (open base) 


Collector current (peak value) 
Total power dissipation up to Tp = 90 °C 
Junction temperature 


D.C. current gain at Tj = 25 OC 
lc = 30 mA; VcfF = 10 V 
Transition frequency 
Ic = 15 mA; Veg = 10 V 


Feedback capacitance at f = 1 MHz 
ig =0; Veg =30V 


BF457 |BF458 | BF459 


max 160 300 V 
max 160 300 V 
max 300 mA 
max 6 W 
max 150 oC 
= 26 

typ 90 MHz 
x 35 pF 


rere ett ae tee reenter ern A het te enw neha teranrenennniwtta whine 


MECHANICAL DATA 


Collector connected to metal part of mounting surface 


TO-126 (SOT-32) 


(1) Within this region the cross-section of the leads is uncontrolled. 


<+ 


See also chapters Mounting instructions and Accessories. 


Dimensions in mm 


i 7,8 max 7 
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BF457 to 459° 


—» RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 


BF 457 | BF458 | BF459 


Collector ~base voltage (open emitter) Vcpo max. 160 250 300 V 
Collector -emitter voltage (open base) Vero max. 160 290 300 V 
Emitter -base voltage (open collector) VEBO max. = fs) oo V 
Collector current (d.c. ) | Io max. 100 mA 
Collector current (peak value) Icom max. 300 mA 
Base current (d.c.) Ip max. 50 mA 
Total power dissipation up to Tmpb = 90 x8 Prot max. 6 W 
Storage temperature | te g -55to+150 % 
Junction temperature Tj max. 150. 9% 
THERMAL RESISTANCE 

From junction to ambient. | Run jia- 9 104. K/W 
From junction to mounting base Rth j-mb = 10 K/W 
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BF457 to 459 


CHARACTERISTICS T; = 25 °C unless otherwise specified 
Collector cut -off current 

Ip = 9; Vog = 100 V for BF 457 

Ip = 0; Vop = 200 V for BF458 lane < 50 nA 


Ip = 0: V = 250 V for BF459 


CB 
Emitter cut-off current 


Ia =0; VEB=3V IRBO < 20 nA 


D.C. current gain 


Ig = 30 MA; Veg = 10 V hee > 26 


Collector -emitter saturation voltage 


Ic = 30 mA; Ip = 6mA VcFsat < ] Vv 


High frequency knee voltage at Tj = 150 = 
The high frequency knee voltage of a transistor is that value of the collector -emitter 
voltage at which the small signal gain, measured in a practical circuit, has dropped to 
80% of the gain at Vop = 50 V. A further reduction of the collector -emitter voltage re- 
sults in a rapid increase of the distortion of the signal. 
Transition frequency at f = 100 MHz 

Ic = 15 mA; Vop = 10 V f typ. 90 MHz 


Feedback capacitance at f = 1 MHz 
Ip = 0; Vogp = 30V Gas = 3,5 pF 


Output capacitance at f = 1 MHz 


February 1974 


BF457 to 459 


7Z267068.1 


7 2 CL | A A ee 


Ac Hoe | 


Vcg (V) 


| 10° 
Safe Operating Area with the transistor forward biased 


=e 0 as a) 
Nwmsdi||| | | 6srpaq 


VV SAA eee esr 
WAV 4 ee. eee Lee 


2 


breakdown 
(independent o 
temperature) 


10 


72678791 


SS CS ee ee 
=a =aee8l 


a 


\ 
IN 


ee ee) 
iW Se a RS i 0 a a Se ae ee 


ptt itt 


TT apa 


Ht i tr 


ee 


ee eee ee ee te en ee 
a ee Ge WA 1 aL ELE 
ee A 


WHA 


UAE, 


= = 
= 


3 


Zth j 


0 


June 1974 


BF457 to 459 
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BF457 to 459 
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BF469 
BF 471 


SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in plastic envelope intended for class-B video output stages in television receivers and 
for high-voltage i.f. output stages. 
P-N-P complements are BF 470 and BF472 respectively. 


QUICK REFERENCE DATA : 
BF469 |BF471 

Collector-base voltage (open emitter) VCBO  —max. 250 300 V 
Collector-emitter voltage 

open base VCEQ max. 250 —- V 

Ree = 2,7 kQ2 VCER max. — 300 V 
Collector current (peak value) Icom max. 100 mA 
Total power dissipation up to T»y,h < 114 PC Prot max. 1,8 WwW 
Junction temperature Tj max. 150 OC 
D.C. current gain 

lc = 25 mA; Vcg = 20 V hFe > 50 
Transition frequency 

Ic = 10 mA; Veg = 10 V i > 60 MHz 
Feedback capacitance at f = 0,5 MHz 

le =0; Veg =30 V Cre < 1,8 pF 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-126 (SOT-32). 


Collector connected 
to mounting base 


See also chapters Mounting instructions and Accessories. 
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BF469 
BF471 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BF469 | BF471 


Collector-base voltage (open emitter) VcBo max. 250 300 V 
Collector-emitter voltage 

Ree = 2,7 kQ VCER max. _ 300 V 

open base VCEO max. 250 =~ V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) Ic max. 50 mA 
Collector current (peak value) Icom max. 100 mA 
Total power dissipation up to Trp = 114 PC * Prot max. 1,8 W 
Storage temperature T stg —65 to+ 150 °C 
Junction temperature Tj max. 150 OC 
THERMAL RESISTANCE | 
From junction to mounting base Rthj-mb = 20 K/W 
From junction to ambient in free air * Rth j-a = 100 # K/W 


* Transistor mounted on a printed-circuit board, maximum lead length 4 mm, mounting pad for | 
collector lead minimum 10 mm x 10 mm. | 
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Silicon planar epitaxial transistors 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 


Ie = 0; Vep = 200 V ICBO | < 10 nA 

Ree = 2,7 kQ; Vor = 200 Vil 150 °C ICER < 10 uA 
Emitter cut-off current | 

Ic =0; Vep=5V lEBO < 10 uA 
D.C. current gain 

Ic = 25 mA; Vcg = 20 V hee > 50 
High-frequency knee voltage at Tj = 150 °C* | 

Ic =25mA | VCEK typ. 20 V 
Transistion frequency : | 

Ic =10 mA; Veg = 10 V fy > 60 MHz 
Feedback capacitance at f = 0,5 MHz a 

le = 0; Vep = 30 V Cre < 1,8 pF 


* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
Vcg = 50 V. 

A further reduction of the collector-emitter voltage results i ina rapid | increase of the distortion of 
the signal. . 
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Fig. 2 Safe Operating ARea at Tp = 114 °C. 


1 Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


(2) Second breakdown limits (independent of temperature). 
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Fig. 5 Voge = 20 V; Tj = 25 °C. 
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Fig.6 I¢ = 25 mA; Vcg = 20 V. 


Fig. 7 Ig = 0; = 1 MHz; T; = 25 °C. 
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BF 470 
BF472 


SILICON PLANAR EPITAXIAL TRANSISTORS 


P-N-P transistors in a plastic envelope intended for class-B video output stages in television receivers 
and for high-voltage i.f. output stages. 
N-P-N complements are BF469 and BF471 respectively. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) —VcBO 
Collector-emitter voltage 
open base —VCEO 
Ree = 2,7 kQl —VCER 
Collector current (peak value) —lIom 
Total power dissipation up to Tm, = 114 OC Prot 
Junction temperature qj 
D.C. current gain 
—I¢e = 25 mA; —Vcg = 20 V hee > 50 
Transition frequency 
—Ic¢= 10 mA; —Vcg = 10 V fr > 60 MHz 


Feedback capacitance at f = 0,5 MHz 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-126 (SOT-32). i 7,8 max * 


Collector connected * 
. 3,75 
to mounting base. 
| 
11,1 
max 


7Z59324.2 


? 


See also chapters Accessories and Mounting Instructions. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 


Collector-emitter voltage 
Ree = 2,7 kQ 
open base 


Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tmp = 114 °C * 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 
From junction to ambient in free air * 


“ ‘Transistor mounted on a printed-circuit board, maximum lead length 4 mm; mounting pad for 


collector lead minimum 10 mm x 10 mm. 
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-VCBO 


—-VCER 
-VCEO 


—-VEBO 
= | Cc 
—lcom 
Prot 

T stg 


qj 


Rth j-mb 
Rth j-a 


max. 


BF470 


300 V 
300 V 
V 
5 V 
50 mA 
100 mA 
1,8 Ww 
—65to +150 °C 
150 i 
20 K/W 
100 K/W 


Silicon planar epitaxial transistors BF470 


BF472 

CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current 

le = 0; —Vep = 200 V —IcBo <— 10 nA 

Ree = 2,7 kQ; —Vcg = 200 V; Tj = 150 OC —ICER <— 10 yA 
Emitter cut-off current 

Ic =0;-Vep=5V —lEBO < 10 pA 
D.C. current gain 

—I¢ = 25 mA; —-Vcr = 20 V hee > 50 
High-frequency knee voltage at Tj = 150 °C* 

—Ic =25mA —VCEK typ. 20 V 
Transition frequency 

—!c = 10mA; —Vcg = 10 V ft > 60 MHz 
Feedback capacitance at f = 0,5 MHz 

le =0;-Vcep=30V Cre < 1,8 pF 


* The high-frequency knee voltage of a transistor is that value of the collector-emitter voltage at 
which the small-signal gain, measured in a practical circuit, has dropped to 80% of the gain at 
—Vcg = 50 V. A further reduction of the collector-emitter voltage results in a rapid increase of 
the distortion of the signal. 
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Fig. 2 Safe Operating ARea at Tm, = 114 OC. 


| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


(1) Prot max and Prot peak max lines. 
(2) Second breakdown limits (independent of temperature). 
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SILICON PLANAR EPITAXIAL TRANSISTORS 


N-P-N transistors in TO-202 plastic envelope, intended for use in video output stages in black-and- 
white and in colour television receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCcBO  _—‘max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (peak value) lcm max. 100 mA 
Total power dissipation (free air) Prot max. 1,6 W 
D.C. current gain 

Ic = 25 mA; VceE = 20 V hFE min. 50 
Transition frequency 

—le = 10 mA; Vcpg= 10 V fT 70 to 110 MHz 
Junction temperature Tj max. 150 OC 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-202. + 10,4max —> 

3,8 


0. 7275737 


con 06 8 13x) 
a fs 2,54 


(1) Plastic flash allowed within this zone. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 


Collector current 
d.c. 
peak value 


Total power dissipation in free air 
up to Tamb = 25 oC 


Total power dissipation 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient 


From junction to mounting base 


CHARACTERISTICS 


Tj = 25 OC unless otherwise specified 


Collector cut-off current 
le = 0; Vcp = 300 V 
Collector-emitter cut-off current 
Vce = 250 V; Ree = 2,7 kQQ; 
Tj = 150°C 
Emitter cut-off current 
Ic =0; Vep=5V 
High-frequency knee voltage 
lc = 25 mA; Tj = 150°C 
D.C. current gain 
lc = 25 mA; VcgE = 20 V 
Ic = 40 mA; VcgE = 20 V 
Transition frequency 
—le = 10mA; Vcp=10V 
Feedback capacitance at f = 1 MHz 
le = 0; Vcp = 30V 
Collector capacitance at f = 1 MHz 
le = 0; Vecp = 30 V 
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max. 


max. 


max. 


max. 
max. 


max. 
max. 


max. 


max. 


max. 


IN 
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VV 


IN 
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5,0 
—65 to + 150 
150 


78 
25 


20 


20 


10 


20 


50 
20 


70 to 110 


1,8 


2,5 


K/W 
K/W 


nA 


BA 


MHz 
pF 


pF 


Silicon planar epitaxial transistors 


Tamb (°C) 
Fig. 2 Maximum permissible Fig. 3 Typical values. 
power dissipation. . 
7292780 


; 100 
Fig. 4 Tj = 25 °C; Veg = 20 V; typical values. 


7292779 


(ae i a Va ie 
ee a ee (a a 
0 10 Io (mA) 
Fig.5 Veep =10V;f=100MHz, | Fig. 6 tp =0; f= 1 MHz. 
typical values. | | 


20 


November 1984 


BF591 
BF593 


SWITCHING TRANSISTORS FOR TELEPHONY APPLICATIONS 


Silicon n-p-n transistors in a TO-202 outline, intended for use in PABX and similar telephone systems. 


QUICK REFERENCE DATA 


Collector-emitter voltage (open base) VCEO 
Collector-base voltage (open emitter) VCBO 
Collector current Ic 
Total power dissipation 

up to Tamb = 55 PC Prot max. 1,3 W 
Current gain 

Ic = 20 mA; Vcfp=5V hee =hfe min. 30 

Ic = 100 mA; Vcg =6 V hee(hte) = min. 30(20) 
Output admittance at f = 1 kHz 

Ic = 100 mA; Vcg = 5 V hoe typ. 7 mS 


+ 10,4max —-> 


MECHANICAL DATA 38 Dimensions in mm 
we 2 qe 
Fig. 1 TO-202. 
1 
2 
3 
| > 28 ae 
> «+ , | 
2,54 2,54 
4 
46 
(1) Plastic flash / max 
allowed within 
this zone. ‘(= 7275737 
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BF591 


BF593 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 
| BF591 

Collector-emitter voltage (open base) | VCEO max. 170 210 V 
Collector-base voltage (open emitter) | Vcspo max. 210 250 V 
Emitter-base voltage (open coHector) | VEBO max. 5 V 
Collector current (d.c.) Ic max. 150 mA 
Total power dissipation 7 

Up tO Tamb = 55 OC Prot max. 1,3 W 
Storage temperature _ Tstg —65to+ 150 °C 
Junction temperature Tj max. 150 oC 
THERMAL RESISTANCE 
From junction to ambient in free air Rth j-a max. 73 K/W 
CHARACTERISTICS 
Tj = 25 SC unless otherwise specified BF591 BF593 
Collector-emitter breakdown voltage | 

open base; Iq = 10 mA ViBR)JCEO 2 170 210 V 
Coliector-base breakdown voltage 

open emitter; lc = 0,1 mA V(BR)CBO 2 210 250 V 
Emitter-base breakdown voitage 

open collector; Ip = 0,1 mA VIBR)EBO 2 5 V 
Base-emitter voltage 

2 NG = ht 2 0,65 V 

Ic = 25 mA; Voe=5V VBE eo 0,85 V 
Collector cut-off current . 

open emitter; Veg = 60 V ICBO < 50 nA 

Vpe = 0; Vcg = 60 V; Tj = 140 °C ICES < 1,0 LA 
D.C. current gain® . 

Ic = 20mA; Voce =z5 Vv. hee = 30 

lc = 100 mA; Voce =e V hee z= 30 

lc = 150 mA; Veg =7V hee > 20 
Small-signal current gain | 

Ic = 20 MA; Vce=5V hfe a 30 

ic = 100 mA; Vcofp =6V hfe Zz 20 
Output admittance at f = 1 kHz 

ic = 100 mA; Vce=5V hoe typ. 7 ms 


* Measured under pulse conditions; tp = 300 us; 6 = 0,01. 
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Switching transistors for telephony applications BF591 


BF593 
0 40 80 120 160 
Tani e) 
Fig. 2 Maximum permissible power dissipation. 
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Fig. 5 Tj = 25 °C; Vce = 5 V; typical values. 
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BF819 


SILICON PLANAR TRANSISTOR 


N-P-N transistor in TO-202 piastic envelope intended for use as a driver for line output transistors in 
colour television receivers. 


QUICK REFERENCE DATA 


errata natn nent terse tne ener arrester renin tener raven ener nr renrer-nerrannrnreai ntti reer eer ree ee TU, 


Collector-base voltage (open emitter) VcBO max. 300 V 
Collector-emitter voltage (open base) VCEO max. 250 V 
Collector current (peak value) lcm max. 300 mA 
Total power dissipation up to Trp = 75 OC Prot max. 6 W 
Junction temperature a max. 150 °C 
D.C. current gain 
lc = 20mA, Vcg = 10 V hee typ. 45 

Storage time ts typ. 0,5 ps 


MECHANICAL DATA ee — Dimensions in mm 
Fig. 1 TO-202. 


Collector connected 
to mounting base. 


(1) Plastic flash allowed 
within this zone. 


BF819 
2 
y 
3 wee ess 
2,4 maxi" 
2,4 max 
BF819A 
3 _ “t- 
2,54 2,54 
2 


7275737 


BF819A is available on request. It has ebc pinning instead of ecb. 
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BF819 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-base voltage (open emitter) VcBO max. 300 V 
Collector-emitter voltage (open base) VCEO max. 250 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) Ic max. 100 mA 
Collector current (peak value) * lcm max. 300 mA 
Base current (d.c.) Ip max. 50 mA 
Total power dissipation up to Tamp = 75 OC Prot max. 1,2 W 
Total power dissipation up to Tmp = 75 OC Prot max. 6 W 
Storage temperature Tstg —65 to+150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 


From junction to ambient in free air Rth j-a = 62,5 K/W 
From junction to mounting base Rthj-mb = 12,5 K/W 
~~ CHARACTERISTICS 

Tj = 25 0C 
Collector cut-off current 

le = 0; Vcp = 250 V ICBO < 50 nA 
Emitter cut-off current 

ic=0; VERB =z3V lEBO i 50 nA 
D.C. current gain 

lc = 20 mA; Voce = 10 V hee typ. 45 
Coillector-emitter saturation voltage 

Ic = 200 mA; |B = 20 mA** VCEsat i 11 V 
Collector output capacitance at f = 1 MHz 

le =0; Veg =30V Cob = 4,5 pF 
Storage time (see Fig. 2) 

< 1,4 us 


ICon= 100 mA; [Bon = 10 MA; —IBoff = 20 MA ts 


Precautions should be taken during switch-on of the BF819 where an overshoot of current is likely 
to occur. The amplitude of the overshoot depends on the relative magnitude of stray external 
capacities to the transistor collector capacity. It is desirable to keep the stray capacities to a 
minimum by short lead lengths etc. so as to minimize the area of the switching path. 

The BF819 is controlled to VCEsat max. 11,0 V and is thermally stable under all operating 
conditions where Tj max of 150 OC is not exceeded. For the typical circuit shown in Fig. 2, a 
heatsink is not required for operation with Tambh < 75 OC. 


** 
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Silicon planar transistor BF8i19 


Vin = 5V 
T = 60us 
6 =0,2 
” 7294401 _4— 
INPUT 
90 
10 %o + tI 
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| 
ton 
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) 90% 
| ° oO 
OUTPUT | ae 
! =e 0% | 
I 
7272064 
Fig. 2 Test circuit and switching waveforms. — 
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Fig. 3 Safe Operating ARea; Trp = 25 OC. 


| Region of permissible d.c. operation. 
11 Permissible extension for repetitive pulse operation. 


(1) Second breakdown limits (independent of temperature). 
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Silicon planar transistor BF819 
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Fig.6 S.B. voltage multiplying factor at the I Cmax level. 
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Fig. 7 S.B. current multiplying factor at the VCEQmax level. 


April 1981 


BF819 


be 
© 
~~ 
— 
n 
¢ 
3°] 
aa 
pwr) 
bo 
© 
& 
ae 
Q. 
& 
‘e] 
<= 
aA 


7282951 


Sosesdestestosssstester attats 
Srsatocdstosttosastoneriaratil 


= 0. 


Fig. 8 Collector output capacitance 
1 MHz; Ie 


f 


oe a ee 


HEHE IEESHEE 


PV cle a Te de 


© o oO vt NN 
pened 


Vog (V) 100 


50 


April 1981 


SILICON PLANAR VIDEO OUTPUT TRANSISTORS 


N-P-N transistors in TO-202 plastic envelopes intended for video output stages in black-and-white 
and in colour television receivers. 


~ QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO 
Collector-emitter voltage (open base) VCEO 
Collector current (peak value) lcm 
Total power dissipation up to Tmp = 75 PC Prot max, 6 W 
Junction temperature qj max. 150 oC 
D.C. current gain 

Ic = 30 mA; Vcg = 10 V hee = 26 
Transition frequency at f = 35 MHz 

Ic = 15 mA; Veg = 10 V fr typ. 90 MHz 
Feedback capacitance at f = 1 MHz 

le =0; Vep=30V ~ Cre < 3 pF 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-202. 


+ 10,4max > 
Collector connected tee 
to mounting base. 3,6 


(1) Plastic flash allowed 
within this zone. 


2 
3 4 
—— na 
] a max 
y Lea 10 betas 
a) | 
a Top view 
A-version 
3 
2 


a 
2,54 2,5 | 7278937 


An A-version is available on request. It has ebc pinning instead of ecb. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
| BF857 


March 1981 


Collector-base voltage (open emitter) VCBO max. 160 300 V 
Collector-emitter voltage (open base) VCEO max. 160 300 V 
Emitter-base voltage (open collector) VEBO max. 5 V 
Collector current (d.c.) Ic max. 100 mA 
Collector current (peak value) Icom max. 300 mA 
Base current (d.c.) Ip max. 50 mA 
Total power dissipation up to Tamp = 25 OC Prot max. 2 W 
Total power dissipation up to Tmp = 75 PC Prot max. 6 W 
Storage temperature T stg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 
THERMAL RESISTANCE 
from junction to ambient in free air Rth j-a = 62,5 K/W 
from junction to mounting base Rth j-mb 12,5 K/W 
~ CHARACTERISTICS 

Tj = 25 °C unless otherwise specified 
Collector cut-off current 

le = 0; Vep = 100 V for BF857 ICBO < 0,1 LA 

le = 0; Vcp = 200 V for BF858 IcBO < 0,1 BA 

le = 0; Vcp = 250 V for BF859 ICBO < 0,1 LA 
Emitter cut-off current 

Ic =0; Vep=5V lEBO < 100 pA 
D.C. current gain 

Ic = 30 mA; Veg = 10 V hee > 26 
Collector-emitter saturation voltage 

Ic = 30 mA; Ip =B MA VCEsat < 1 V 
Transition frequency at f = 35 MHz 

Ic = 15 mA; Veg = 10 V fT typ. 90 MHz 
Feedback capacitance at f = 1 MHz 

le = 0; Veg = 30 V Cre < 3 pF 


Silicon planar video output transistors 


7278531.1 


Ee WANS Pete 
Nee |_| aaa 
SEAS ACT 
HoT KN | 


HN NNN 
HHEKs 


Fig. 2 Safe Operating ARea; Tmph = 75 °C. 


| Region of permissible d.c. operation. 
li Permissible extension for repetitive pulse operation. 


(1) Second-breakdown limits (independent of temperature). 
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BF869 
BF871 


SILICON PLANAR VIDEO OUTPUT TRANSISTORS 


N-P-N transistors in a TO-202 plastic envelope intended for class-B video output stages in colour 
television receivers. P-N-P complements are BF870 and BF872. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VCBO —max. 
Collector-emitter voltage (open base) VCEQ = max. 
Collector-emitter voltage (Ref = 2,7 kQ) VCER max. 
Collector current (peak value) lcm max. 
Total power dissipation up to Tmp = 25 °C Prot max. 5 W 
Junction temperature Tj max. 150 oC 
D.C. current gain ) 

Ic = 25 mA; Veg = 20 V; Tj = 25 OC hFe > 50 
Transition frequency 

—lIe = 10 mA; Vcp = 10 V fT > 60 MHz 
Feedback capacitance at f = 1 MHz 

le = 0; Vep =30V Cre < 2 pF 
MECHANICAL DATA + 10,4max > Dimensions in mm 
Fig. 1 TO-202. _» 38 oD 


Collector connected 
to mounting base. 


24,2 
max 4 
3 4,6 
max 
8.6 
4 max 
} | 10 ——_> 
1 2,4max'" , 
i i top view 
2,4 max 122 
(1) Plastic flash allowed min 


within this zone. 
Wn 21} 3 
a 
+16 


| lent (3x) 
> =< > : 71275737 


2,54 2,54 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage (Rpe = 2,7 kQ) 
Emitter-base voltage (open collector) 
Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tamb = 25 OC 
Total power dissipation up to Tmp = 25 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 
From junction to ambient 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 

Ie = 0; Vep = 200 V 

Ree = 2,7 kQ; Veg = 300 V 

Ree = 2,7 kQ; Veg = 200 V; Tj = 150 °C 
Emitter cut-off current 

lc =0; Vep=5V 
D.C. current gain 

Ic = 25 mA; Vcge = 20 V 
Base-emitter voitage 

Ic =25 mA; Vce= 20 V 
High frequency knee voltage 

Io = 25 mA; Tj = 150 °C 
Transition frequency 

—ip = 10mA; Vop= 10 V 


Feedback capacitance at f = 1 MHz 
le = 0; Veg = 30 V 


February 1980 


max. 


BF869 


100 
1,6 
5 
—65 to +150 
150 


0,75 


BA 


MHz 


Silicon planar video output transistors 


103 7Z82567 
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Fig. 2 Safe Operating ARea at Tmp = 25 OC. 


3 


| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


(1) Prot max and Prot peak max lines. 
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BF870 
BF872 


SILICON PLANAR VIDEO OUTPUT TRANSISTORS 


P-N-P transistors in a TO-202 plastic envelope intended for class-B video output stages in colour 
television receivers. N-P-N complements are BF869 and BF871. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 
Collector-emitter voltage (Ref = 2,7 k&2) 
Collector current (peak value) 

Total power dissipation up to Tmp = 25 °C 
Junction temperature 


D.C. current gain 

—Ilc = 25 mA; —VcE = 20 V; Tj = 25 OC 
Transition frequency 

le = 10 mA; —Vep =10V 


Feedback capacitance at f = 1 MHz 
le = 0; -Vcp = 30 V 


MECHANICAL DATA | 
Fig. 1 TO-202. | . 38 
| 


Collector connected 
to mounting base. 


2 
3 
Y 
1 2,4 max! 
A 


(1) Plastic flash allowed 
within this zone. 


VW 2) 3 

| [+H 
ae a 
2,54 2,54 


~—-10,4max ~—>| 


O6 (3x) 


—VcBO max 
-VCEO max 
—-VCER max 
—lcom max 
Prot max 
qj max. 
hfe > 
fr > 
Cre <— 


\ 
fm ig 05 


2g] <= 16 
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5 Ww 
150 OC 
50 
60 MHz 
2,2 pF 


Dimensions in mm 


top view 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BF870 BF872 


Collector-base voltage (open emitter) —VcBO max. 

Collector-emitter voltage (open base) —VCEQ max. 

Collector-emitter voltage (Ree = 2,7 kQQ) —-VCER max. 

Emitter-base voltage (open collector) —-VEBO max. — 

Collector current (d.c.) —Ic max. 

Collector current (peak value) —lcM max. 100 mA 
Total power dissipation up to Tamb = 25 OC Prot max. 1,6 W 
Total power dissipation up to Tmp = 25 OC Prot max. 5 W 
Storage temperature Tstg —65to+150 OC 
Junction temperature Tj max. 150 OC 


THERMAL RESISTANCE 
From junction to ambient Rthj-a = 78 K/W 
From junction to mounting base 7 Rthj-mb = 25 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


le = 0; -—Vecp = 200 V —IcBo < nA 

Ree = 2,7 kL; —Vcg = 300 V —-IcER < BA 

Ree = 2,7 kQ; —Vcrg = 200 vt = 150 °C —-IcER < pA 
Emitter cut-off current 

lc=0;-Vep=5V —leEpOo < 10 LA 
D.C. current gain 

—Ic = 25 mA; —Vcg = 20 V hee > 50 
Base emitter voltage 

—lc= 25 mA; —VcE = 20 V —VpE_ typ. 0,75. V 
High-frequency knee voltage 

—Ic¢ = 25 mA; Tj = 150 °C —VcCEK typ. 20 V 
Transition frequency 

le = 10 mA; —Vep = 10 V fy > 60 MHz 
Feedback capacitance at f = 1 MHz 

le = 0; -Vcep=30V Cre < 2,2 pF 
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Silicon planar video output transistors BF870 


BF872 


103 7282568 
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Fig. 2 Safe Operating ARea; Trp = 25 OC. 


| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


(1) Prot max and Prot peak max lines. 
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SUCCESSOR TYPE IS BUW11; BUW11A 


SILICON DIFFUSED POWER TRANSISTORS 


BU426 
BU426A 
BU433 


High voitage, high speed switching n-p-n power transistor in plastic SOT-93 envelope, intended for use 


in the switched-mode power supply of 90° and 110° colour television receivers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VgfF = 0; peak value) VCESM Max. 
Collector-emitter voltage (open base) VCEQ max 
Collector current (d.c.) Ic max. 
Collector current (peak value) 

tp = 2 ms ICM max. 10 
Total power dissipation up to Tryp = 73 PC Prot max. 70 
Collector-emitter saturation voltage 

lc =2,5A;1p=0,5A VCEsat < 1,5 
Fall time 

ICon = 2.5 A; IBon = 0,5 A; —IBofp = 1 A te typ. 0,3 | 0,3 


a nt tt NE ER A et nn neers treet nn ene 


MECHANICAL DATA 
Fig. 1 SOT-93. 


Collector connected to 
mounting base 


2,2max 


dimensions within 
this zone are 
uncontrolled 


b ; y 

a Le il, 
: 0.95 
<—{i}— 


See also chapters Mounting instructions and Accessories. 
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10,45 ys 
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BU426 
BU426A 


BU433 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BU426 

Collector-emitter voltage (Vpr = 0, peak value) VCESM max. 800 V 
Collector-emitter voltage (open base) VCEO max. 375 V 
Collector current (d.c.) Ic max. 6 A 
Collector current (peak value) 

tp <2 ms ICM max. 10 A 
Base current (d.c.) Ip max. 2 A 
Base current (peak value) IBM max. 3 A 
Reverse base current (d.c. or average 

over any 20 ms period) —IB(Av) max. 100 mA 
Reverse base current (peak value) * —Ipm max. 3 A 
Total power dissipation up to Tmp = 73 °C Prot max. 70 W 
Storage temperature Tstg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = = - 1,1 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current ** 


Vcem = 900 V; Veg = 0 ICES < 1 mA 

Vcem = 900 V; Veg = 0; Tj = 125 OC ICES = 2 mA 
D.C. current gain 

ree =5Y: : typ. 30 

c = 0,6 A; Veg = 5 V; BU426; BU426A hee c 60 

Ic = 0,6 A; Vcg = 5 V; BU433 hee typ. 40 
Transition frequency at f = 1 MHz 

lc =0,2A; Vee =10V fr typ. 6 MHz 


*  Turn-off current. 
** Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors 


CHARACTERISTICS (continued) 
Tj = 25 °C unless otherwise specified 


Emitter cut-off current 


lc = 0; Veg =10V lEBO 
Saturation voltages 
Ic =2,5A; Ip =0,5A VCEsat 
VBEsat 
Ic=4A; 1p =1,25A VCEsat 
VBEsat 
Collector-emitter sustaining voltage 
Ic = 100 mA; I Bore = 0; L = 25 mH; BU426; BU433 VCEOsust 
Ic = 100 mA; I Bors = 0; L = 25 mH; BU426A VCEOsust 
7Z75254 
250 
200 
Ic 
(mA) 
100 
0 
min Veg (V) 
VcEOsust 


Fig. 2 Oscilloscope display for VcEQOsyst- 


oscilloscope 
vert. 


30-60Hz °Y 


7Z62283 


Fig. 3 Test circuit for VcEQsyst. 


BU426 
BU426A 
BU433 


< 10 mA 
<< 1,5 V 
< 1,4 V 
< 3 °V 
< 1,6 V 
> 375 V 
> 400 V 
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BU426 
BU426A 
BU433 


CHARACTERISTICS (continued) 


Switching times (between 10% and 90% levels) 
ICon = 2,5 A; Vcc = 250 V 


IBon = 9,5 A; —lBoff = 1A 


Turn-on time 7 ton ve Ae - 
| . typ. 2 ps 

St t t 
orage time : 5 ey 3.5 ps 
BU426; 426A te typ. 0,3 ys 

Fall time 

Turn-off time (to¢¢ = tg tte) BU433 te a ve a 
| 8u433 fe oe a 


Fall time, Tmp = 95 °C 
| BU426;426A ts < 0,75 ms 


t 7Z77499.5 


— ie 
Fig. 4 Waveforms. 
295. 
BD226 
‘@ a we 680 
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—T-»> V7.0 TPF 6250V 
ied | (Pn Twi. 
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a 5a | | 
‘ Hise | 
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as’ i YF 
tp = 20us sp 
T = 2ms 
VIM = 15 V 7Z273191.14 


Fig. 5 Test circuit. 
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Silicon diffused power transistors 
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Fig. 6 Safe Operating ARea. 
| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


11! Area of permissible operation during turn-on in single-transistor converters, provided 
Ree < 100 22 and ty < 0,6 us. 


IV Repetitive pulse operation in this region is permissible, provided Var <0 and ty <2 ms. 


(2) Second-breakdown limits (independent of temperature). 
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Silicon diffused power transistors 
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Fig. 9 S.B. voltage multiplying factor at the Ic¢ma, level. 
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Fig. 10 S.B. current multiplying factor at the VCcEQmax level. 
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Fig. 11A. Typical values. Base-emitter saturation 


voltage for BU433; Tj = 25 OC. 


Fig. 11 Typical values. Base-emitter saturation 


voltage for BU426 and BU426A. 
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Fig. 14 Reverse bias SOAR. 
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BU426 
BU426A 
BU433 


APPLICATION INFORMATION (detailed information on request) 


Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. In SMPS circuits for CTV 
receivers the duty factor of the collector current generally varies between 0,35 and 0,6. 


The operating frequency ties between 15 kHz and 35 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth ina flyback circuit. 


All these variables influence the collector dissipation, so that a simple presentation of the design 
information is only possible if the information is restricted to the main application area of the relevant 
transistor type. Therefore, as the BU426 or BU426A will mainly be used in flyback converters and the 
BU433 in forward SMPS, the information of Figs 17 up to 22 is based on these applications: 


The total power dissipation for a limit-case transistor BU426 or BU433 is given in Figs 19 and 22, 
which apply for a mounting base temperature of 100 °C. The required thermal resistance for the 
heatsink can be calculated from: 

_ Tmb max — Tamb max 


Rth mb-a max. p 
tot 


* Including additional thermal resistances resulting from mounting hardware. 


To ensure thermal stability minimum value of Tamp in this equation is 40 °C. As indicated, the BU433 
will mainly be used in (non-isolated) forward converters, where the turn-off losses are limited by the 
maximum collector emitter voltage (~ 300-350 V). The rate-of-rise of the voltage during turn-off must 
be below 1000 V/us. Application of this transistor in low-power flyback converters is also possible, 
provided that the rate-of-rise is limited to 500 V/us. For the BU426(A) a rate-of-rise of 1000 V/us is 
permissible. Practical SMPS output circuits for an output power in the order of 180 W are given in 

Figs 17 and 20. At a collector current of 2,5 A and a base current of 0,25 A in these circuits the 
following turn-off times can be expected. 


Tmb 


BU426 (426A) Storage time t, 
Fall time t¢ 

BU433 Storage time t, 
Fall time t¢ 
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Silicon diffused power transistors 
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Fig. 16 Minimum required base inductance and recommended negative drive voltage versus maximum 
peak collector current. 
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Fig. 17 Practical output circuit of a flyback SMPS of BU426 or BU426A. 


T1 (driver transformer) 
core U20; n1 = 400 turns 
n2= 25 turns 


LBtot ay 4,5 KH 


T2 (output transformer) 
Ly =6mH 
VCE(t1) < 500 V (see Fig. 15) 
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Fig. 18 Recommended nominal ’’end”’ value 
of the base current versus maximum peak 


collector current. 
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limit-case transistor of the base current is chosen 


in accordance with Fig. 18. 
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Fig. 20 Practical output circuit of a forward SMPS with BU433. 


T (driver transformer): Core U20 
n1 = 400 turns; n2 = 25 turns 
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Fig. 21 Recommended nominal “end” value 
of the base current versus maximum peak 
collector current. 
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pL it it 
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Fig. 22 Maximum total power dissipation of a 
limit-case transistor if the base current is chosen 
in accordance with Fig. 21. 


DEVELOPMENT DATA 


This data sheet contains advance information and BU505 
specifications are subject to change without notice. 


SILICON POWER TRANSISTOR 


High-voltage, high-speed switching, glass passivated n-p-n power transistor in a TO-220 envelope, 
intended for use in horizontal deflection circuits of television receivers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vp = 0; peak value) Vcesm max. 1500 V 
Collector-emitter voltage (open base) VCEQ = _— max. 700 V 
Collector current (d.c.) Ic max. 2,5 A 
Collector current (peak value, tp = 2 ms) ICM max. 4A 
Total power dissipation up to Tryp = 25 PC Prot max. 75 W 


Collector-emitter saturation voltage 
Ic=2A;Ip=0,9A 

Fall time 
ICon = 2 A; IBon = 0,9 A 


MECHANICAL DATA 
Fig. 1 TO-220. 


Collector connected to 
mounting base 


elileog max (3x) > Le 0,6 


> <_ el it 24 
2,54 2,54 


7Z65872.4 


See also chapters Mounting instructions and Accessories. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (peak value; Vpe = 0) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value); ty < 2 ms 

Base current (d.c.) 

Base current (peak value); tp <2 ms 

Total power dissipation up to Tmp = 25 9C 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut off current* 
VceE = VCESMmax: VBE = 0 
VCE = VCESMmax: VBE = 0; Tj = 125 °C 
Emitter cut-off current 
Ic =0; Vep=5V 
Saturation voltages 
Ic=2A;lp=09A 
Collector-emitter sustaining voltage 
Ic = 100 mA; Ip = 0; L=50mH 
D.C. current gain 
Ic=2A;VcE=5V 


* Measured with a half sine-wave voltage (curve tracer). 


January 1983 


VcESM max. 1500 V 
VCEQ max. 700 V 
Ic max 2,5 A 
ICM max 4A 
IB max 2A 
IBM max 4A 
Prot max. 75 W 
Tj max. 150 °C 
Rth j-mb 1,67 K/W 
ICES < 0,15 mA 
ICES < 1 mA 
lEBO < 1 mA 
VCEsat < ov 
VBEsat < 13 V 
VCEOsust> 700 V 
hfe > 2,22 


DEVELOPMENT DATA 


Silicon power transistor 


: ! 
min Vceo sust 


| 30-60Hz “*V 
V 
Voeo \ 7262340 
Fig. 2 Oscilloscope display for 
sustaining voltage. 
Second-breakdown current 
Veg = 120 V; T = 200 us Isp 
Transition frequency at f = 5 MHz 7 
Ic =0,1A; Vee =5V fy 
Collector capacitance at f = 1 MHz 
le =le=0;Vcp=10V Ce 
Switching times 
in horizontal deflection circuit 
—Vim =4V; Lp = 25 wH; 
fall time tf 
storage time ty 


7259204.5 


Fig. 4 Switching times waveforms. 
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typ. 
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+6V 


hor. 


oscilloscope 


vert. 


TZE2752 


Fig. 3 Test circuit for VCE Qsyst- 


0,7 us 
10 ws 
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7Z88796 
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Fig. 5 Safe Operating ARea at Tb < 25 OC. 


| Region of permissible d.c. operation. 
lf Permissible extension for repetitive pulse operation. 


(1) Ptot max 29d Prot peak max lines. 


(2) Second-breakdown limits (independent of temperature). 
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Fig. 6 Pulse power rating chart. 
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Fig. 7 Power derating curve. 
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DEVELOPMENT DATA 


This data sheet contains advance information and BU506 
specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor in plastic envelope (TO-220) and intended for use in 
horizontal deflection circuits of colour television receivers and in line-operated switch-mode applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpr = 0, peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector saturation current ICsat 7 3 A 
Collector current Ic max. 5 A 
Total power dissipation up to Tmpb = 25 PC Prot max. 100 W 
Collector-emitter saturation voltage 

Ic=3A; 1p =1,33A VCEsat < 5 V 
Fall time | 

IC = 3A; Blend) = 1A; bg = 12 4H tf typ. 0,7 ms 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-220. 10,3 

“~ max 
Collector connected see 
to case. ‘i rae ’ 
2,8 
4 15,8 
max 
2 
1 
not tinned a 
3 
12,7 
min 
| ‘si +-0,9max (3x) > ie 0.6 
—> s+ > 2,4 
2,54 2,54 


7265872.4 


For Accesories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (VpF = 0, peak value) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.} 

Base current (peak value) 

Total power dissipation up to Tmp = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base | 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* 

VcE = VCESMmax: VBE =O 

VceE = VCESMmax: VBE = 0; Tj = 125 °C 
Emitter cut-off current 

VeRp=8V; lc =0 
Second breakdown current 

Vce = 300 V; tp = 200 us 


Saturation voltages 
Ic=3A;lp=133A 


Collector-emitter sustaining voltage 
Ic = 0,1 A; ip = 0; L = 25 mH 
Switching times (in line deflection circuit) 
lom = 3A; IB(end) = 1A; bg = 12 wH 
_ fall time 
storage time 


* Measured with a half sine-wave voltage (curve tracer). 
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VCESM 
VCEO 


VCEsat 
VBEsat 


VCEOsust 


te. 


max. 1500 
max. 700 
max. 5 
max. 8 
max. 3 
max. : 5 
max. 100 
—65 to+ 150 
max. 150 
= 1,25 
0,5 

< 1,0 
< 10 
s 1 
< 5 
< 1,3 
= 700 
typ. 0,7 
typ. 6,5 


mA 
mA 


Us 


DEVELOPMENT DATA 
This data sheet contains advance information and BU506D 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor with integrated efficiency diode in plastic envelope 
and intended for use in horizontal deflection circuits of colour television receivers and in line-operated 
switch-mode applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vge = 0, peak value) Vcesm max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector saturation current ICsat = 3 A 
Collector current Ic max. 5 A 
Total power dissipation up to Tmyp = 25 PC Prot max. 100 W 
Collector-emitter saturation voltage 
Ic=3A;lp=1,33A VCEsat < 
Diode forward voltage at lp =3 A VE typ. 15 V 
Fall time 
Ic = 3A; IB(end) = 1 A; bg = 12 wH ty typ. 0,7 us 
MECHANICAL DATA — Dimensions in mm 
Fig. 1 TO-220. | +> 3,6 ~< \ 
Collector connected 28 
to case. ' 
t 
4 15,8 
max 
2 
: not tinned. ae 
12,7 
min 
| | 
| elil+-o9 max (3x) > l-06 
—p _— > 2,4 
2,54 2,54 


7265872.4 


For Accessories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-emitter voltage (Ver = 0, peak value) VCESM max. 1500 V 

Collector-emitter voltage (open base) VCEO max. 700 V 

Collector current (d.c.) Ic max. 5 A 

Collector current (peak value) lem max. 8A 

Base current (d.c.) Ip max. 3 A 

Base current (peak value) IBM max. 5 A 

Tota! power dissipation up to Tmpb = 25 OC Prot max. 100 W 

Storage temperature Tstg —65 to + 150 OC 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to mounting base | Rthj-mb == 1,25 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 


Vce = VCESMmax: VBE = 0 < 0,5 mA 
Vce = VCESMmax: VBE = 0; Tj = 125 °C CES x 1,0 mA 
Emitter cut-off current 
VER =6V; lc =0 lEBO < 10 mA 
Second breakdown current ; 
VcE = 300 V; ty = 200 us Isp > 1A 
Saturation voitages 
ic=3A;Ip=1,33A VCEsat < 5 V 
VBEsat < 1,3 V 
Collector-emitter sustaining voltage 
Ic = 0,1 A; 1p =0; L = 25 mH VCEOsust > 700 V 
oe voltage ( typ. 15 V 
F : F < 2,2 V 
Switching times (in line deflection circuit) 
lcm = 3A; lB(end) = 1 A; bg = 12 wH 
fall time tf typ. 0,7 ps 
storage time | ts typ. 6,5 us 


* Measured with a half sine-wave voltage (curve tracer). 
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SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor in a plastic envelope intended for use in horizontal 
deflection circuits of colour television receivers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpe = 0, peak value) VcESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700V 
Collector current (d.c.) Ic max. 8A 
Collector current (peak value) Iom max. 15A 
Total power dissipation up to Tmp = 25 °C Prot max. 125 W 
Collector-emitter saturation voltage 

Ic =4,5A;Ip=a2A VCEsat “< 1V 
Saturation collector current | ICsat typ. 45A 
Fall time ; 

Icom = 4.5 A; IB(end) = 14A ty typ. 0,7 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-93A. 

15,2 


Collector connected 
to mounting base. 


dimensions within 
this zone are 
uncontrolled 


5! 14 | 
| Ba be al ate 


See also chapters Mounting instructions and Accessories. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-emitter voltage 


(Vee = 0, peak value) Vcesm max. 1500 V 
Collector-emitter voltage (open base) | VCEO max. 700V 
Collector current (d.c.) Ic max. 8A 
Collector current (peak value) Icm max. 15A 
Base current (d.c.) Ip max. 4A 
Base current (peak value) IBM max. 6A 
Reverse base current 

(d.c. or average over any 20 ms period) —IB(AV) max. 100mA 
Reverse base current * (peak value) —Ipm max. 5A 
Total power dissipation up to Tmp = 25 CC Prot max. 125W 
Storage temperature T stg —65 to +150 °C 
Junction temperature | : Tj max. 150°C 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 1 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current * 


VBE = 9; VcE = VCESMmax ICES < 1,0mA 

VBE = 0; VcE = VcESMmax: Tj = 125 °C ICES < 2,0 mA 
Emitter cut-off current | i 

VeB=6V;lc=0 lEBO < 10 mA 
Saturation collector current 
Collector-emitter sustaining voltage , 

ip = 0; I¢ = 100 mA; L= 25 mH VCEOsust > 700 V 
Saturation voltage 

Ic=45A;Ip=z2A VCEsat < 1V 

Ic =4,5A;Ip=2A | VBEsat < 13V 
Transition frequency at f = 5 MHz 

Ic =0,1A;VcE=5V fT typ. 7 MHz 
Collector capacitance at f = 1 MHz 

le = 1le=0; Vcop=10V Co typ. 125 pF 
Second-breakdown current | 

VceE = 120 V; t = 200 us 1(SB) > 11A 


*  Turn-off current. 


** Measured with a half-sinewave voltage (curve tracer). 
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Silicon diffused power transistor BU508A 


hor. 


oscilloscope 


vert. 
VoEo (V) 


4262340 


Fig. 2: Oscilloscope display. for VcEQsust- 


Switching times (in line deflection circuit) 
Lp =6 wH; —Vim =4 V; 
lcm = 4,5 A; IB(end) = 1.4 A 
(—dIp/dt = 0,6 A/us) te typ. 0,7 us 


ee en ee ee 1B (end) 


Fig. 4 Switching times waveforms. 
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Fig. 5 Safe Operating Area; Typ < 25 °C. 


Second-breakdown limits (independent of temperature) 


— NO — 


Region of permissible d.c.operation. 
I| Permissible extension for repetitive pulse operation. 
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Fig. 6 Pulse power rating chart. . 
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Fig.9 Typical values I¢/Ip 
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Fig. 7 Typical values d.c. current gain at Vcg 


Fig. 8 Typical values Ic/Ip 
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APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU508A 


In designing horizontal deflection circuits, allowance has to be made for component and operating 
spreads in order not to exceed any Absolute Maximum Rating. Extensive analysis has shown that, for 
the peak collector current and the collector-emitter voltage of the output transistor, the total 
allowance need not be higher than 15%, and the following recommended base-drive and heatsink 
conditions are based on this figure. 


To simplify the presentation, the design curves given refer to nominal conditions. Where the collector 
current will be modulated by the E-W correction circuit, the average value of the peak collector current 
applies provided the modulation is less than + 10%. 


To obtain a short fall time and minimum turn-off dissipation with a high-voltage transistor, the storage 
time must be sufficiently long and, during turn-off, the negative base-emitter voltage must be sufficient- 
ly high. Both requirements can easily be realized by including a small coil in series with the base of the 
output transistor. However, to reduce base current variations, a series base resistor is also added to 
most designs. This has the disadvantage of reducing the energy in the base inductance during turn-off, 
which in turn reduces the negative base-emitter voltage and with large resistor values may lead to an 
insufficient negative voltage for correct device turn-off. This can be improved by shunting the base 
resistor by a diode and/or a capacitor. Instead of giving various detailed base circuits based on these 
considerations, it is a more direct approach to specify the recommended —dlp/dt, see Fig. 12. 


The maximum transistor dissipation largely depends on the tolerances in the drive conditions. The 
dissipation given in Fig. 13 allows for base current and —dlp/dt tolerances of + 15%. 
The curve applies for a limit-case transistor at a mounting base temperature of 85 °C, 


85 — Tamb max 
The thermal resistance for the heatsink can be calculated from Rtph mb-a = ———__ in which 


Ptot max 
Tamb max is the maximum ambient temperature of the transistor. In order to assure a value of 
thermal resistance at which thermal stability is ascertained, the minimum value for Tgmp in the above 
equation is 45 °C. 


TR1 7273 468.1A 
driver 


Fig. 10 Simplified horizontal deflection circuit. 
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Silicon diffused power transistor BU508A 
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Fig. 11 Fundamental waveforms. 
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7288399.1 


—dlip/dt 
(A/us) 


1 Fig. 12 Nominal end value of the base current and 
its rate of fall during turn-off as a function of 
nominal peak collector current. 

A 15% spread allowance is included on these 
nominal values. Og is defined as Ig 4/IB(end) 

(see Fig. 11). The reverse drive voltage during the 
storage and fall time (—V),y) must be > 2 V). 


Fig. 13 Worst-case dissipation of BU508A 
under limited operational conditions according 
to Fig. 12. Tryp = 85 OC. 
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SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n power transistor with integrated efficiency diode in aSOT-93A 
envelope intended for use in horizontal deflection circuits of colour television receivers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vgpf = 0, peak value). VcEsm max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector current (d.c.) Ic max. 8 A 
Collector current (peak value) Icom max. 15 A 
Total power dissipation up to Tp = 25 °C Prot max. 125 W 
Collector-emitter saturation voltage . 

Ic=4,5A; Ip=2A VCEsat < 1V 
Saturation collector current ICsat typ. 45 A 
Diode forward voltage (If = 4,5 A) VE typ. 1,6 V 
Fall time 

lcm = 4,5 A; IB(end) = 114A tf typ. 0,7 us 
MECHANICAL DATA Dimensions in mm 

max 


Collector connected to case. 


Fig. 1 SOT-93A. <—_ 15,2 aoreetees 


dimensions within 
this zone are 


min } 
uncontrolled | ' ee 
b= th 
. i seis i] 
. 15,5 Ps 145 ‘0,5 ™) r| 0,4 
’ ee 
| 0,95 1,6 7Z83916.2 
<1] | 


For Accessories and Mounting instructions see handbook high-voltage and switching power transistors. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage 


(Vee = 0, peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector current (d.c.) Ic max. A 
Collector current (peak value) IcmM max. 15 A 
Base current (d.c.) Ip max. A 
Base current (peak value) IBM max. 6 A 
Total power dissipation up to Tmp = 25 PC Prot max. 125 W 
Storage temperature T stg —65 to + 150 °C 
Junction temperature Tj max. 150 °C 
THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 1 K/AW 
CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current* 

VBE = 9; VcE = VCESMmax ICES < 1,0 mA 

VBE = 0; VcE = VCESMmax: Tj = 125 oC ICES < 2,0 mA 
Emitter cut-off current 

VER =6V;le=0 lEBO — 10 mA 
Collector-emitter sustaining voltage 

Ip =0; Ic = 100 mA; L = 25 mH VcEOsust — 700 V 
Saturation voltages . 

Ic=4,5A; IB =za2A VCEsat < 1V 

VBEsat < 1,3 V 

pee voltage < Vv 

pO aae VE typ. 1,6 V 
Transition frequency at f = 5 MHz 

Ic =0,1A;VcE=5V fy typ. 7 MHz 
Collector capacitance at f = 1 MHz 

le =le=0;Vep=10V Co typ. 125 pF 
Second-breakdown current 

VcE = 120 V; t = 200 us l(SB) = 11 A 


* Measured with a half-sinewave voltage (curve tracer). 
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Silicon diffused power transistor BU508D 
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Vceo (V) 7262752 
Fig. 2 Oscilloscope display for VCEQsust- Fig. 3 Test circuit for VcEQsust- 
Switching times (in line deflection circuit) 
Lp =6 nH; -Vin =4 V; 
lcm = 4,5 A; 'B(end) = 114A 
(—dlp/dt = 0,6 A/us) te typ. 0,7 us 


ts typ. 6,5 us 


ee eee ee a pe |B (end) 
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Fig. 4 Switching times waveforms. 
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Fig. 5 Safe Operating Area; Tp, < 25 OC. 
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BU508D 


APPLICATION INFORMATION - HORIZONTAL DEFLECTION CIRCUIT WITH BU508D 


In designing horizontal deflection circuits, allowance has to be made for component and operating 
spreads in order not to exceed any Absolute Maximum Rating. Extensive analysis has shown that, for 
the peak collector current and the collector-emitter voltage of the output transistor, the total allow- 
ance need not be higher than 15%, and the following recommended base-drive and heatsink conditions 
are based on this figure. 


To simplify the presentation, the design curves given refer to nominal conditions. Where the collector 
current will be modulated by the E-W correction circuit, the average value of the peak collector current 
applies provided the modulation is less than + 10%. 


The BUSO8D is essentially a BU508A with an integrated speed-up diode without parasitic base-emitter 
resistor. A circuit, optimized for BU508A, thus can be used with a BU508D without alterations. It 
should be remarked that the total device dissipation increases due to losses in the diode. 


To obtain a short fail time and minimum turn-off dissipation with a high-voltage transistor, the storage 
time must be sufficiently long and, during turn-off, the negative base-emitter voltage must be sufficient- 
ly high. Both requirements can easily be realized by including a small coil.in series with the base of the 
output transistor. However, to reduce base current variations, a series base resistor is also added to 

most designs. This has the disadvantage of reducing the energy in the base inductance during turn-off, 
which in turn reduces the negative base-emitter voltage and with large resistor values may lead to an 
insufficient negative voltage for correct device turn-off. This can be improved by shunting the base 
resistor by a diode and/or a capacitor. Instead of giving various detailed base circuits based on these 
considerations, it is a more direct approach to specify the recommended —d!p/dt, see Fig. 12. 


The maximum transistor dissipation largely depends on the tolerances in the drive conditions. The 
dissipation given in Fig. 13 allows for base current and —dIp/dt tolerances of + 15%. 
The curve applies for a limit-case transistor at a mounting base temperature of 85 °C. 


: 85 — Tamb max . ; 
The thermal resistance for the heatsink can be calculated from Rth mb-a = aan oNeerame which 
. tot max 


Tamb max is the maximum ambient temperature of the transistor. In order to assure a value of thermal 
resistance at which thermal stability is ascertained, the minimum value for Tamp in the above equation 
is 45 OC. : 


7Z90915 


Fig. 10 Simplified horizontal deflection circuit. 
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Silicon diffused power transistor BU508D 


IB (end) 


VCE 


7290912 


Fig. 11 Fundamental waveforms. 


October 1984 141 


BUSO8D 


72Z88399.1 


—dip/dt 
(A/us) 


Fig. 12 Nominal end value of the base current and 
its rate of fall during turn-off as a function of 
nominal peak collector current. 

A 15% spread allowance is included on these 
nominal values. Qg is defined as 1g /lB (end) 

(see Fig.11). The reverse drive voltage during the — 
storage and fall time (—Vjpq) must be > 2 V). 


Fig. 13 Worst-case dissipation of BU508D under 
0 ' 2 3 4 5 limited operational conditions according to Fig. 12. 
‘cm (A) Tmb = 85 °C. 
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SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching, glass passivated n-p-n power transistor in a SOT-93A envelope, in- 
tended for use in horizontal deflection circuits of television receivers. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vgr = 0; peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector current (d.c.) Ic max. 2,0 A 
Collector current (peak value, tp <2 ms) ICM max. 4A 
Total power dissipation up to Tmyp = 25 °C Prot max. 75 W 
Collector-emitter saturation voltage 

IcC=2A;ip=09A VCEsat < 5 V 
Fall time 

ICon = 2 A; !B(end) =9,9A tf typ. 0,9 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-93A. 
Collector connected to case. << 2 —> 


2,2max 


dimensions within A | 


this zone are 
b= 7) 
K [5,5] a a sou 
) el i 


uncontrolled 
0,95 1.6 


7283916. 2 
<+—{1i} +! 


See also chapters Mounting instructions and Accessories. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134). 

Collector-emitter voltage (peak value; VpF = 0) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector current (d.c.) Ic max. 2,5 A 
Collector current (peak value; ty <2 ms) ICM max. 4A 
Base current | Ip max. 2A 
Base current (peak value; ty <2 ms) IBM max. 4A 
Total power dissipation up to Typ = 25 PC Prot max. 75 W 
Storage temperature T stg —65 to + 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 1,67 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 


VceE = VCESMmax: VBE = 9 ICES < 0,15 mA 

VceE = VCESMmax: VBE = 0; Tj = 125 oC ICES < 1 mA 
Emitter cut-off current 

Ic =0;VeRp=zoV lEBO < 1 mA 
Emitter-base voltage | 

Ic =O;lg =10mA VEBO > 6V 
Saturation voltage 

Ic=2A;lIp=09A VCEsat < 5 V 

VBEsat < 1,3 V 

Collector-emitter sustaining voltage 

Ic = 100 mA; Ip = 0; L = 25 mH VcEOsust > 700 V 
Collector saturation current 

VcE=5V ICsat = 2 A 
D.C. current gain 

Ic =2A;VcE=5V | NEE > 2,2 
Second breakdown current 

Vcg = 120 V;t = 200 us I(SB) > 2,0 A 
Transition frequency at f = 5 MHz 

Ic =0,1A;VcE=5V fr typ. 7 MHz 
Collector capacitance at f = 1 MHz 

le =le=0;Vcp=10V Co typ. 65 pF 


* Measured with a half-sinewave voltage (curve tracer). 
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Silicon diffused power transistor BU705 


+6V 
L 
hor. 
oscilloscope 
MIN VoEO sust | oa vert. 
! ies 
LV 
Veeo (V) 71262340 ; eee a = 7252752 
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for sustaining voitage. 
Switching times (in horizontal deflection circuit) 
—Vim =4V; bp = 15 HH; ley =2A 
IB(end) = 9,9 A; —dig/dt = 0,24 A/us 
fall time te typ. 0,9 us 
storage time ty typ. 7,5 ws 


—Ig (end) 


72$9204.5 


Fig. 4 Switching times waveform. 
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Fig. 5 Safe Operating ARea; Tmb = 25 OC. 


(1) Prot max @nd Poeak max lines. 
(2) Second breakdown limits (independent of temperature). 


| Region of permissible d.c. operation. 

li Permissible extension for repetitive pulse operation. 

111 Repetitive pulse operation in this region is allowable, 
provided Rpg < 100 2, ty = 20 ws, d = 0,25. 
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Fig. 8 Typical values VcEsat 
25 OC. 
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DEVELOPMENT DATA 


This data sheet contains advance information and BU706 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor in plastic envelope SOT-93A, and intended for use 
in horizontal deflection circuits of colour television receivers and in line-operated switch-mode appli- 
cations. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vge = 0, peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 7/700 V 
Collector saturation current ICsat = 3 A 
Collector current Ic max. 5 A 
Total power dissipation up to Tmp = 25 OC Prot - max. 100 W 
Collector-emiter saturation voltage 

Ic=SA;Ip=ai33A VCEsat < 5 V 
Fall time 

Ic = 3A; lB(end) = 1A; bg =12 4H tf typ. 0,7 ms 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-93A. 

max | 
Saas i | 4,6 


Collector connected 
to case. 


dimensions within 
this zone are 
uncontrolled 


Lt 


«ll tare 7 
, > 


lou 


<a 


| | 
| 0,95 1.6 


7283916. ? 


For Accessories and Mounting instructions refer to Handbook high-voltage and switching power 
transistors. 
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LIMITING VALUES (in accordance with the Absolute Maximum System IEC 134) 


Collector-emitter voltage (VprF = 0, peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector current (d.c.) Ic max. 5A 
Collector current (peak value) IcmM max. 8A 
Base current (d.c.) | Ip max. 3 A 
Base current (peak value) IBM max. 5 A 
Total power dissipation up to Tmp = 25 PC Prot max. 100 W 
Storage temperature Tstg —65 to+ 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 1,25 K/W 


CHARACTERISTICS 
Li 25 OC unless otherwise specified 


Collector cut-off current* 


VcE = VCESM max: VBE = 0 ieee = 0,5 mA 

Vce = VCESM max: VBE = 0; Tj = 125 °C < 1,0 mA 
Emitter cut-off current 

Vep=6V;lc=0 lIEBO < 10 mA 
Second-breakdown current 

Veg = 300 Vitp = 200 us Isp > 1A 
Saturation voltages 

Ic=3A;1p=1,33A VCEsat < 5 V 

VBEsat < 1,3 V 


Collector-emitter sustaining voltage 

Ic =0,1 A; lp =0;L = 25 mH VCEOsus > 700 V 
Switching times (in line deflection circuit) 

Icom = 3A; IB(end) = 1A; Lp = 12 4H 


fall time te typ. 0,7 us 
storage time ts typ. 6,5 us 


* Measured with a half sine-wave voltage (curve tracer). 
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DEVELOPMENT DATA 
This data sheet contains advance information and BU7O6D 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTOR 


High-voitage, high-speed switching n-p-n transistor with integrated ei ficiency diode in piastic envelope 
and intended for use in horizontal deflection circuits of colour television receivers and in line-operated 
switch-mode applications. 


QUICK REFERENCE DATA 


Coilector-emitter voltage (Vpge = 0, peak value) VCESM max. 1500 


V 
Collector-emitter voltage (open base) VCEO max. 700 V 
Collector saturation current ICsat - 3A 
Collector current Ic max. 5 A 
Total power dissipation up to Tmp = 25 OC Prot max. 100 W 
Collector-emitter saturation voltage 
Ic=3A;lp=133A VCEsat = V 
Diode forward voltage atIr = 3A Ve typ. 15 
Fali time 
lc = 3A; IB(end) = 1A; bB = 12 uH te typ. 0,7 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-93A. ~ aarerr - 
|<‘ aa tae 14 oer aa 6 
| 4,25 | xr 
Collector connected eth em alll ee v oe: earn 
to case. aye | | I 
io a | 
Dia, fl 
# 21 
| max 
12.7 | 
max | 
| 
_ — nee 
2,2 max _ : 4 | 
bts Mite, ute le | | 
dimensions within G5 an 
this zone are imin 13,6 
uncontrolled i pe 
b Cc 2 : | 
| a ae oe | | 
cal jet — pel | EN 0,5 @)| roe 
 & ae 
| ‘i 1,6 7283916, 2 
tt —-{]]}-—! 


For Accessories and Mounting instruction refer to Handbook high-voltage and switching power 
transistors. 
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LIMITING VALUES (in accordance with the Absolute Maximum System IEC 134) 


Collector-emitter voltage (Vpe = 0, peak value) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to Typ, = 25 PC 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 ©C unless otherwise specified 


Collector cut-off current* 

VceE = VCESM max: VBE = 0 

VCE = VCESM max: VBE = 9; Tj = 125 °C 
Emitter cut-off current 

Vep=6V;lc=0 
Second-breakdown current 

Veg = 300 V; tp = 200 us 


Saturation voltages 
Ic =3A;Ip=1,33A 


Collector-emitter sustaining voltage 
lc = 0,1A;lp=0;L=25 mH 
Diode forward voltage 
lF=3A 


Switching times (in line deflection circuit) 
lcm =3A; IBlend) = 1A; Lg = 12 HH 
fall time 
storage time 


* Measured with a half sine-wave voltage (curve tracer). 
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VCESM 
VCEO 


ICES 


lEBO 
ISB 


VCEsat 
VBEsat 


VCEOsus 


VF 


tf 
ty 


max. 1500 
max. 700 
max. 5 
max. 8 
max. 3 
max. 5 
max. 100 
—65 to + 100 
max. 150 
= 1,25 
< 0,5 
< 1,0 
< 10 
> 1 
<4 5 
< 1,3 
> 700 
typ. 1,5 
< 2,2 
typ. 0,7 
typ. 6,5 


mA 
mA 


V 


<< 


MS 


IBU806 
IBU807, 


SILICON DARLINGTON POWER TRANSISTORS 


High voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic TO-220 envelope for 
industrial fast switching applications and horizontal deflection circuits of monitors and b/w television 
receivers. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) VcBO V 
Collector-emitter voltage (VEp = 6 V) VCEX V 
Collector-emitter voltage (open base) VCEO V 
Collector current (d.c.) Ic max. 8 A 
Collector current (peak value) 

tp = 0,3 ms; 6 = 10% IcmM max. 15 A 
Total power dissipation up to Tmp = 25 PC Prot max. 60 W 
Junction temperature Tj max. 150 OC 
Fall time 

‘Con = 5 A; IBon = 50 MA; —IBof¢ = 500 mA te typ. 0,2 us 


MECHANICAL DATA 
Fig. 1 TO-220AB. 


Collector connected 
to mounting base. 


top view 


ig! | l--09 max (3x) 


> << 
2,54 2,54 


7Z65872.4 


See also chapters Mounting instructions and Accessories. 
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Fig. 2 Circuit diagram. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BU806 


Collector-base voltage (open emitter) 
Collector-emitter voitage (Vep = 6 V) 
Collector-emitter voltage (open base) 


Emitter-base voltage (open collector) 
Collector current (d.c.) 


Collector current (peak value) 
ty = 0,3 ms; 5 = 0,1 | 


Base current (d.c.) 

Total power dissipation up to Trp = 25 OC 
Storage temperature 

Junction temperature* 


THERMAL RESISTANCE* 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* * 
VCE = VCESmax: VBE = 0 
Voce = VCEXmax: VEB = 6 V 
Emitter cut-off current 
lc=0; VeRp=6V 


Collector-emitter sustaining voltage 
Ic = 100 MA; Ipoff = 0; L = 25 mH 


* Based on maximum average junction temperature in line with common industrial practice. The 


ICES 


ICEX 


lIEBO 


VCEOsust 


max. 


> 


BU806 


15 A 
100 mA 
60 W 
—65to+150 °C 
150 oC 
2.08 K/W 
100 uA 
100 LA 
3 mA 
BU807 
200 150 V 


resulting higher junction temperature of the output transistor part is taken into account. 


** Measured with a half sine wave voltage (curve tracer). 
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Silicon Darlington power transistors 


BU807 
Saturation voltages 
V < 1,5 V 
Ic =5A;lp=50mA CEsat ' 
CoB 20m VBEsat < 28V 
Diode, forward voltage 
lpF=4A Ve < 2V 
+50V 
100-200. 
L 7275254 
250 
hor. 200 
Ic 
oscilloscope (mA) 
100 
vert. 
aes 6V 0 
30-60Hz , 
7262283 aM Vee (V) 
Vcedsust 
Fig. 3 Test circuit for VcEQsust- Fig. 4 Oscilloscope display for VcEQsyst- 
Switching times (between 10% and 90% levels) 
Turn-on time ton typ. 0,35 us 
Turn-off time: Storage time ts typ. 0,55 us 
Fall time t+ typ. 0,2 us 


Fig. 5 Waveforms. 
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| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 


(2) Second breakdown limits (independent of temperature). 


(1) Prot max 2d Prot peak max lines. 


UJ 


Fig. 6 D.C. Safe Operating ARea. 
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BU808 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed, glass-passivated n-p-n switching transistor in a TO-3 envelope, intended for 


use in three-phase a.c. motor control systems. 


QUICK REFERENCE DATA ee 

Collector-emitter voltage (peak value; Vag = 0) 

Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp <2 ms 

Total power dissipation up to Tmh = 25 PC 

Collector-emitter saturation voltage 
IC=9A;Ip=4A 


Collector saturation current 


Fall time 
Icon =9 A; IBon = —!Boff =4A 


VCESM max. 1500 V 
VCEO max. 700 V 
Ic max. 12 A 
ICM max. 20 A 
Prot max. 160 W 
VCEsat < | 

ICsat = 9 A 
tf typ 0,5 us 


rn ra rene a ea nn errs Nannerl rr RNAP treet ore arrest nerd eens, 


MECHANICAL DATA 
Fig. 1 TO-3. 


Collector connected to case. 


<+—-— 26,6 max —-—-> 
ne 
39,5 
ex 3011 


See also chapters Mounting instructions and Accessories. 


7283745 1,2 
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RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-emitter voltage (peak value; Veg = 0) VCESM 
Collector-emitter voltage (open base) VCEO 
Collector current (d.c.) Ic 
Collector current (peak value); tp <2 ms IcM 
Base current (d.c.) Ip 
Base current (peak value); tp <2 ms IBM 
Total power dissipation up to Tryp = 25 OC Prot 
Storage temperature T stg 
Junction temperature Tj 
THERMAL RESISTANCE 
From junction to mounting base Rth j-mb 
CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 
VCE = VCESMmax: VBE = 9 ICES 
VCE = VCESMmax: VBE = 0; Tj = 125 °C ICES 
Emitter cut-off current 
IC = 0; Veg=oV lIEBO 
Saturation voltages | 
Ic=9A;Ip=4A VCEsat 
VBEsat 
lc=12V;Ip=6A VCEsat 
Collector-emitter sustaining voltage 
Ic = 200 mA; Ip = 0; L= 25 mH VCEOsust 
Second breakdown collector current 
Vce = 100 Vi tp =1s KSB)C 


Transition frequency at f = 5 MHz 
Ic =0,1A; Veep =z5V tr 
Collector capacitance at f = 1 MHz 


le =le=0;Vcp=10V Cc 


* Measured with a half sine-wave voltage (curve tracer). 
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max 1500 
max. 700 
max. 12 
max. 20 
max. 8 
max. 12 
max, 160 
—65 to + 150 
max. 150 
0,78 
< 1 
< 4 
< 10 
— 1 
< 1,5 
x 
> 700 
> 0,4 
typ. 7 
typ. 200 


=rrrrere<«< 


o O° 
O © 


K/W 


MHz 


Silicon diffused power transistor BU808 


Switching times resistive load (Figs 2 and 3) 
ICon = 9 A; Bon = —!Botf =4A 


Turn-on time ton typ. 1,5 US 
Turn-off: Storage time ts typ. 4,5 Us 
Fall time tt typ. 0,5 US 

tr 72774993 


90+ - - —-| {=== eae 


Fig. 2 Switching times waveforms 
with resistive load. 


+25V 


Voc 
250V 
rae 
Vim 
JL 
th V 7Z88899 
tp = 20us mF 
T=2ms 
Vim =15V 


Fig. 3 Test circuit resistive load. 
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Fig. 4 Safe Operating ARea at Tmp < 25 OC. 


(1) Prot max line. 
(2) Second-breakdown limits (independent of temperature). 


| Region of permissible d.c. operation. 

I! Permissible extension for repetitive pulse operation. 

I1! Repetitive pulse operation in this region is permissible, 
provided Vge <0 and tp <5 ms. 


DEVELOPMENT DATA 


This data sheet contains advance information and BU824 
specifications are subject to change without notice. 


SILICON N-P-N DARLINGTON TRANSISTOR 


Monolithic high voltage n-p-n Darlington transistor with integrated speed-up diode in a TO-202 envelope 
intended for fast switching applications such as small motor control and switch-mode power supplies. 


QUICK REFERENCE DATA 


Collector-emitter voltage 


VBE = 0; peak value VcESM max. 650 V 
Collector-emitter voltage (open base) VCEO max. 375 V 
Collector current (d.c.) Ic max. 05 A 
Collector current (peak value) ICM max. 1A 
Total power dissipation 

up to Tamb = 25 OC Prot max. 2 W 

UP to Tmb = 25 PC Prot max. 12,5 W 
Collector-emitter saturation voltage 

Ic = 200 mA; Ip = 600 vA VCEsat < 5 V 
Collector saturation current ICsat 02A 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-202. | 
Collector connected 
to mounting base. 

i 4 
4,6 
3 max 
1 40 ——> 7275737 


top view 


See also chapters Mounting instructions and Accessories. 
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BU824 


R_ typ. 600 2 
e 7287150 
Fig. 2 Circuit diagram. 

RATINGS 
Limiting values in accordance with the Absoiute Maximum System (IEC 134) 
Collector-emitter voltage | 

VpeE = 0; peak value VCESM max. 650 V 
Collector-emitter voltage (open base) VCEO max. 375 V 
Collector current (d.c.) Ic max. 05 A 
Collector current (peak value) ICM ~ max. 1A 
Base current (d.c.) Ip . max. 0.2 A 
Base current IBM max. 1A 
Total power dissipation ; 

up to Tamb = 25 OC Prot max. 2 W 

up to Tmp = 25 PC Prot max. 12,5 W 
Storage temperature Tstg —65 to + 150 OC 
Junction temperature Tj max. 150 °C 
THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 10 K/W 
From junction to ambient — Rthj-amb = 62,5 K/W 
CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current* 

VcE = VCESMmax: VBE = 9 ICES < 0,1 mA 

Voce = VCESMmax: VBE = 0; Tj = 125 OC ICES < 0,2 mA 
Emitter cut-off current 

lc =0;VeRp=5V lEBO 3,3 to 20 mA 
Collector-emitter sustaining voltage 

Ip =0;I¢ = 250 mA; L = 25 mH** VCEOsust > 375 V 
Saturation voltages | 

= ‘Ip = VCEsat < 5 V 
Ic = 200 mA; Ip = 600 vA Vacc < av 


* Measured with a half-sinewave voltage (curve tracer). 


** Clamped at rated VCEQsust- 
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Silicon n-p-n Darlington transistor BU824 


+8V 
+ 
i | 261 2 10 uF 
Y 15nF 
+Vec 
BC177 1,2kQ 
tga (ae 
= 100 uF 
i) 
ha J T.U.T. 
5102 BC107 ee <A BSX20 
Vv ( : 
tr) 
= 10 uF 
JUL 120 pF ei 220.9 | . 
~VEE 
7Z287151.1 <_— 
* For adjustment of |p =0,9 mA, VEE =OV. 
<{ 
< Fig. 3 Switching times test circuit. 
Ee Cen 2. a 
< Switching times 
= ICon = 200 mA; Vcc = 250 V; Tj = 100 °C; 
5 Iam =5 mA; 1g =0,9 mA; Veg =1V 
me ee: 
uu rise time tr < 1 ps 
if storage time ts < 1,5 ps 
Q fall time th < 1 ps 
Vi 
6V |——— 
<—________—. 2ms ——- — —— —» 
7Z87149.1 
Fig. 4 Input current and base current waveforms. gee 
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BU824 
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Fig. 5 Safe Operating ARea, Trp < 25 9C. 


| Region of permissible d.c. operation. 
1! Permissible extension for repetitive pulse operation. 


3 


(1) Prot max 2nd Poeak max lines. 
(2) Second-breakdown limits (independent of temperature). 
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BU826 


SILICON DARLINGTON POWER TRANSISTOR 


Monolithic high voltage n-p-n Darlington circuit with integrated speed-up diode in a plastic SOT-93 
envelope, intended for fast switching application. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = 0; peak value) Vcesm max. 800 V 
Collector-emitter voltage (open base) VCEQ max. 3/75 V 
Collector current (d.c.) Ic max. 6A 
Collector current (peak value) 

tp <2 ms ICM max. 8A 
Total power dissipation up to Tmpb = 25 OC Prot max. 125 W 
Collector-emitter saturation voltage 

lc =2,5 A; lp = 55mA ; VCEsat < 2,0 V 

Ic= 4A;lgp=200mA VCEsat < 2,5 V 
Collector saturation current ICsat = 2,5 A 
Fall time 

ICon = 2,5A; IBon = 55 MA; —IBoff = 1A te typ. 0,2 ps 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-93. amas 


Collector connected to 
mounting base. 


dimensions within 0,5 4136 
this zone are MIN min 
uncontrolled 
| | 
+ Gy + +! paso 
| 0,95 
=i} +! 


See also chapters Mounting instructions and Accessories in Data Handbook S4b. 
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BU826 


R1 typ. 200 2 
R2 typ. 100 2 
7Z88074 
e 
Fig. 2 Circuit diagram. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Collector-emitter voltage (VpE = 0, peak value) VCESM max. 800 
Collector-emitter voltage (open base) VCEO max. 375 
Collector current (d.c.) Ic “max. 6 
Collector current (peak value) 
ty <2 ms lcm max. 8 

Base current (d.c.) | Ip max. 2 
Base current (peak value) Inu max. 
Total power dissipation up to Tmp = 25 PC Prot max. 125 
Storage temperature T stg —65 to + 150 
Junction temperature* Tj max. 150 
THERMAL RESISTANCE* 
From junction to mounting base Rth j-mb = 1,0 


* Based on maximum average junction temperature in line with common industrial practice. The 
resulting higher junction temperature of the output transistor part is taken.into account. 
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Silicon Darlington power transistor BU826 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* 


VceE = VCESMmax: VBE = 9 ICES < 1 mA 

VceE = VCESMmax’ VBE = 0; Tj = 125 oC ICES < 2 mA 
Emitter eer On euyrens < 150 mA 

Ic=0; Veg =8V lEBO ~ 50 mA 
Collector-emitter sustaining voltage 

Ic = 100 mA; IBos¢ = 0; L = 25 mH VCEOsust — 375 V 
Saturation voltages 

lc =2,5A;lp=55mA VCEsat < 2,0 V 

VBEsat = 2,2 

Ic = 4A; lp = 200 mA VCEsat < 2,5 V 
Collector saturation current 

VcEsat <2 V ICsat a 25 A 

+50V 
100-2009 7Z77036.1 
L 
vert. 
Vigies oscilloscope 
0 
> a ty hor. 
ee ee oscilloscope 
12 
7272202.2 VcEOsust 
Fig. 3 Test circuit for VcEQsust- Fig. 4 Oscilloscope display for VCEOsust- 


* Measured with a half sine wave voltage (curve tracer). 
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BU826 


CHARACTERISTICS (continued) 


Switching times (between 10% and 90% levels) 
ICon = 2,5 A; Vec = 250 V 


IBon = 55 MA; —Ipoff = 1A 


Turn-on time ton 

Turn-off time: Storage time : ts 
Fall time tf 
Fall time; Tryp = 100 OC te 


September 1984 


t 72774914 


7273194 .2 


Fig. 6 Test circuit. T = 2 ms; ty = 20 us; Vijy = 15 V. 


1,3 ps 
2,0 ps 
0,2 ps 
0,6 us 
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Permissible extension for repetitive pulse operation. 


Region of permissible d.c. operation. 


ty < 1,3 us. 
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li] Area of permissible operation during turn-on in single-transistor converters, provided 
(2) Second-breakdown limits (independent of temperature). 


Fig. 7 Safe Operating ARea at Tamph 
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DEVELOPMENT DATA 


This data sheet contains advance information and BUP22 SERIES 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 


VBE = 0; peak value VCESM max. 
Collector-emitter voltage 

open base VCEQ max. 
Collector saturation current ICsat 
Collector current (d.c.) Ic max. 
Collector current (peak value) lcm max. 
Total power dissipation 

UP tO Tmb = 25 PC Prot max. 
Collector-emitter saturation voltage 

IC=6A VcEsat < 
D.C. current gain 

Ic=1A;VcpE=5V hFEe typ. 

Ic=6A;VceE=1,5 V hee > 
MECHANICAL DATA ae Dimensions in mm 


Fig. 1 SOT-93. 
Collector connected to case. 


4,6 


| max 


. * b4 1 ea 
dimensions within °0,5 436 
this zone are I 
uncontrolled 


_ 
For accessories and mounting | ilies “15 ehs @) so Hou 
instructions see Handbook 0,95 1,6 


7Z75220.3 


|.f. power transistors. ii} ; 
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BUP22 SERIES 


RATINGS 


Limiting values in accordance with the Absolute Mexinum System (IEC 134) 


Collector-emitter voltage 
Vee = 0; peak value 


Collector-emitter voltage 
open base 


Collector current (d.c.) 
Collector current (peak value) 
Base current (d.c.) 


Total power dissipation 
up to Tmpb = 25 OC 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to mounting base 


CHARACTERISTICS 
Tj = 25 °C unless otherwise speciiied 
nee cut-off current* 

Vce = VcESMmax: VBE = 0 


— = Voce = VcESsMmax: VBE = 9; 
Tj = 125 °C 


Emitter cut-off current 
Ic = 0; VEB =9V 

D.C. current gain 
Ic=1A;VcE=5V 


Collector-emitter sustaining voltage 
—> 1p =0; Ic =0,1 A; L=25 mH 
Saturation voltages | 
Ic=6A;Ip=0,6A 
Ic =6A; Ip =0,67A 
Ic=6A; Ip =0,8A 


Ic=6A;Ip=1A 


VCEOsust 


VCEsat 
VBEsat 


— VCEsat 


VBEsat 
VCEsat 
VBEsat | 
VCEsat 
VBEsat 


* Measured with half sine-wave voltage (curve tracer). 
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max. 
max. 
max. 
max. 
max. 4 
max. 125 
| —65 to + 150 
max. —. 450 
= 1 
< 1 
< 2 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


BUP23 SERIES 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 
Vee = 0; peak value 


Collector-emitter voltage 
Open base 


Collector saturation current 
Collector current (d.c.) 
Collector current (peak value) 


Total power dissipation 
up to Tmph = 25 PC 
Collector-emitter saturation voltage 
Ic =10A 
D.C. current gain 
Ic=15A;Vcep=5V 
lc =10A;Vce = 1,5 V 


MECHANICAL DATA 
Fig. 1 SOT-93. 


BUP23 


Collector connected to case 


2,2 max 


dimensions within 
this zone are 
uncontrolled 


VCESM max. 550 
VCEO max 300 
ICsat = 10 
Ic max 15 
Icom max. 30 
Prot max. 175 
VCEsat < 15 
h typ. 25 
FE ~ 10 
on 1 
max 
<a—-—— Jf, aa 
4,25 
iuy 
ih 
| ‘ 
ot 
| 0,5 13,6 
MID min 
oll ell olf 
>| [55] a «|| EES p04 
eee 18 7Z75220.3 


For accessories and mounting instructions see Handbook I.f. power transistors. 
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BUP23 SERIES 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage 
VBE = 0; peak value 


Collector-emitter voltage 
open base 


Collector current (d.c.) 
Collector current (peak value) 
Base current (d.c.) 

Base current (peak value) 


Total power dissipation 
up to Tmp = 25 PC 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 ©C unless otherwise specified 
Collector cut-off current* 
Voce = VCESMmax: VBE = 0 
Emitter cut-off current 
Ic =0; Vep=9V 
D.C. current gain 
lc=1,5A;VcpE=5V 


Collector-emitter sustaining voltage 
lp =0; Ic =0,1 A; L= 25 mH 

Saturation voltages 
Ic=10A;IBp=1A 
Ic=10A;Ip=i1,11A 
Ic=10A;Ip=1,33A 


Ic=10A;Ip=1,67A 


VCEOsust 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


* Measured with half sine-wave voltage (curve tracer). 
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max. ) 850 V 
max 450 V 
max. 15 A 
max. 30 A 
max. 6 A 
max. 9 A 
max. 175 W 
—65 to + 150 oC 
max. 150 oC 
2 0,7 K/W 
< 1 mA 
< 10 mA 
typ. 25 
> V 
< V 
<— V 
< V 
— V 
< V 
< V 
< 1,5 V 
< 15 V 
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BUS11 
BUSTIA 


eae 
SILICON DIFFUSED POWER TRANSISTORS = 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUS11 BUSI1A 


Collector-emitter voltage (Vpf = 0, peak value) VCESM Max. 850 1000 V 
Collector-emitter voltage (open base) VCEO Max. 400 450 V 
Collector current (d.c.) Ic max. 5 A 
Collector current (peak value) ty < 2 ms ICM max. 10 A 
Total power dissipation up to Tryp = 25 OC Prot max. 100 W 
Collector-emitter saturation voltage 
Ic= 3A Ip=O06A VCEsat < 1,5 — %V 
Ic=2,5A;Ip=0,5A VCEsat < — 1,5 V 
Fall time (resistive load) 
lCon= 3A; !Bon = —!Boff = 9,6 A tf te 0,8 — ps 
ICon = 2,5 A: IBon = —l Bort = 0,5 A tr <= _ 0,8 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 
Collector connected — 


to case. 


7269700.1 1,2 
Products approved to CECC 50 004-124 available on request. 
See also chapters Mounting instructions and Accessories. 
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BUSi11 
BUSTIA 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 


BUS11 BUS11A 


Collector-emitter voltage (Vr = 0, peak value) VCESM max. 850 1000 V 
Collector-emitter voltage (open base) VCEQ max. 400 450 V 
Collector current (d.c.) Ic max. 5 A 
Collector current (peak value) tp < 2 ms lcm max. 10 A 
Base current (d.c.) Ip max. 2 A 
Base current (peak value); ty < 2 ms IBM max. 3 A 
Total power dissipation up to Tmp = 25 CC Prot max. 100 W 
Storage temperature T stg —65 to +200 °C 
Junction temperature Tj max. 200 oC 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 1,75 K/W 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current * 


VcE = VCESMmax: VBE = 9 Ices. < | 1 mA 

Voce = VCESMmax: VBE = 9; Tj = 125 °C Ices < 2 mA 
Emitter cut-off current 

Ic = 0; Vep=9OV leEBO < 10 mA 


Saturation voltages 


Ic= 3A;Ip=0,6A VcCEsat < 

Ic=2,5A;|gp=O05A VCEsat < 

lc= SA;IB=0,6A VBEsat < 

Ic=2,5A;ip=0,5A VBEsat “< 
Collector-emitter sustaining voltage 

Ic = 100 mA; I Bore = 0; L = 25 mH VcEOsust> 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors BUS11 


BUSTIA 


SOR: TERETE EROS PA OSA RIAL DAMP SOREN A SE PEPE A ETE NASIR SEI A SRE LAR RNA ITI 


ae +50V 
100-2000 
7275254 L 
hor. 


oscilloscope 


| vert. 
+ 


4 6V 300.0. 10. 


min Ver (V) 30-60Hz 
V . ~ - 7Z62283 
CEOsust ae 


Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VCEQsust- 


CHARACTERISTICS (continued) 


Switching times resistive load (Figs 4 and 5) 
ICon = 3 A; IBon = !Boff = 0,6 A 


Turn-on time ton << 

Turn-off: Storage-time ts < 
Fall time tt < 

ICon = 2,5 A; lBon = —!Boff = 0,5 A 

Turn-on time ton < 

Turn-off: Storage time ts < 
Fall time tf = 


Switching times inductive load (Figs 6 and 7) 
ICon=3A; lp =0,6A 


Turn-off: Storage time ts oe 
Fall time tf ve 
ICon =3 A; Ig = 0,6 A; Tj = 100 °C _ 
Turn-off: Storage time ts eae = a i 
. 14 ~ 
Fall time i Bi sha = i 
Switching times inductive load (Figs 6 and 7) 
Turn-off: Storage time Les Z = 14 us 
Fall time foe ss es 
Con = 2,5 A; Ig = 0,5 A; Tj = 100 OC typ = 12 us 
Turn-off: Storage time ts ws ; ae 15 us 
Fall time oe oe ee i 
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BUST 


BUSTIA 
Vec = 250 V 
Vim=—-6to+8V 
t 
P =001 
T 
tp = 20 us 
7289210 
Fig. 4 Test circuit resistive load. 
7Z89212.1 , 
‘ 7277499.5 tr 
>| |< 
90%) | IBon 
Ip | 
104 ee: | 
t 
90% SSS Se 
Ic 
10% = — ff —— 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 
VicG 
Le= 
200 nH 


VeL Vc_= 300 V 
Vec= 30V 
Vep= 5V 


7Z89211 
Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors BUS11 


BUSTIA 
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Fig. 8 Safe Operating ARea at Tmph < 25 OC. 


(1) Prot max and Prot peak max. lines. 
(2) Second-breakdown limits. <— 


103) Vce (V) 103 


| Region of permissible d.c. operation 

1! Permissible extension for repetitive pulse operation 

li! Area of permissible operation during turn-on in single transistor 
converters, provided Reg < 100 22 and tps < 0,6 us. 

\V! Repetitive pulse operation in this region is permissible 
provided Ver <0 and tp <2 ms. 
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6 7Z88782 


1000 


Vee (V) 


Fig. 9 Total power dissipation and Fig. 10 Reverse bias SOAR. 
second-breakdown current derating curve. | 
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Fig. 11 D.C. current gain. 
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Fig. 12 Typical values base-emitter and collector-emitter voltage, . Ip 
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) and max. (— — —) values collector-emitter saturation voltage at Tj 
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Fig. 14 Typical values at Tj 
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Silicon diffused power transistors BUS11 


BUSTIA 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular in a forward converter to sawtooth in a flyback converter. 


Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icjy represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 

— collector current shape 1c4/Icny = 0,9 

duty factor tp/T = 0,45 

rate of rise of Ic during turn-on = 4 A/us 

rate of rise of Vcg during turn-off = 1 kV/ys 

reverse drive voltage during turn-off = 5 V 

— base current shape |p 4/Ipe = 1,5 


| 


The required thermal resistance of the heatsink can be calculated from 


Rth mb-a < ap K/W 
~ Ptot 


To ensure thermal stability the value of the ambient temperature Tampb > 40 °C. 


- —_ 


p 


<< | —_____» 


TURN-ON TURN-OFF 


7288781 


Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUSi1 
BUSTIA 


Fig. 16 Recommended nominal ‘‘end” value of the base current (lpg) and optimum base inductance 
(Lg) at —Vqdrive = 5 V versus maximum peak collector current. dig(end) = + 20%. 


For other values of —Vgriye (3 V to 7 V) the related Lp is: 


(—Vadrive) + 1 
LBnom sao eS 


LBnom is the value given in this graph. 


SULA NGERRED 
COON 
CONN 
CON NT 


A 
-_ 
isi 
Be 
= 
ie 
4 
ca 


Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. Trp = 100 °C; digieng) = + 20%. 
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SILICON DIFFUSED POWER TRANSISTORS = 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUS12 BUS12A 


Collector-emitter voltage (VpE = 0, peak value) 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Collector current (peak value) ty < 2 ms IcmM max. 20 A 
Total power dissipation up to T»y, = 25 °C Prot max. 125 W 
Collector-emitter saturation voltage 

Ic=6A;Ip=1,2A VCEsat < 1,5 — V 

Ic=5A;lp=ail A VCEsat < 1,5 V 
Fall time (resistive load) 

Icon = 2 A: IBon = —!Boff=1 A te < — 0,8 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 


Collector connected to case. 


+—— 26,6 max ———> 7 2,5 
a. 
| 
20,3 4 
max ener PSA 1,0 
| 4 
| 12,8 
10.9—> 72697001 ae 11,2 ye 


See also chapters Mounting instructions and Accessories. 
© Products approved to CECC50 004-106 available on request. 
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‘BUS1I2 
BUSI2A 


RATINGS | | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUS12 BUS12A 

Collector-emitter voltage (Vpg = 0, peak value) VcESM 

Collector-emitter voltage (open base) VCEO 

Collector current (d.c.) Ic max. 8 A 
Collector current (peak value); ty < 2 ms | lcm max. 20 A 

Base current (d.c.) Ip max. 4 A 

Base current (peak value); ty < 2 ms IBM . max. «6 OM 

Total power dissipation up to Trp = 25 PC Prot max. 125 W 

Storage temperature — Tstg —65 to +200 UG 

Junction temperature sO max. 200 oC 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb == 1,4 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current * | 
1 mA 


VcE = VCESMmax: VBE = 0 z ICES < ? 

VcE = VCESMmax: VBE = 9; Tj = 125 °C ICES < mA 
Emitter cut-off current | | 

Ic=0;VeRp=9V lEBO < 10 mA 

BUS12A 

Saturation voltages 

Ic=5A;Ip=z1 A VCEsat < 15 V 

Ic=6GA Ip=12A :, VBEsat < - V 

Ic=5A;Ip=zT A VBEsat < 15V - 
Collector-emitter sustaining voltage | 

Ic = 100 mA; I pore = 0; L= 25 mH . VCEQOsust — 450 V 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors 


CHARACTERISTICS (continued) 


7Z75254 


250 

200 
Ic 

(mA) 

100 

0 

min Vee (V) 
VcEOsust 


Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load (Figs 4 and 5) 
ICon = 6 A; Bon = —!Boff = 1,2 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


ICon = 5A; IBon = —lBoff=1A 
Turn-on time 


Turn-off: Storage time 
Fall time 


Switching times inductive load (Figs 6 and 7) 
ICon = 6 A; Ip = 1 2 A 
Turn-off: Storage time 


Fall time 


ICon =6 A; Ig = 1,2 A; Tj = 100 OC 
Turn-off: Storage time 


Fall time 
Switching times inductive load (Figs 6 and 7) 
ICon =5A: IB =z1A 
Turn-off: Storage time 


Fall time 


ICon = 5A; Ip = 1 A; Tj = 100 °C 
Turn-off: Storage time 


Fall time 


30-60Hz 


6V 


BUS12 
BUS12A | 


vert. 


Fig. 3 Test circuit for VcEQsust- 


tf 


BUS12A 
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BUS12 — 
BUS12A 


Vcc = 250 V 
Vim =—6to+8V 


: | 
F =0,01 
r 
tp = 20 us 
7Z89210 
Fig. 4 Test circuit resistive load. 
7Z89212.1 
2 7Z77499.5 + 
P| |< 
90%| — — Wess a —_|Bon 
IB / | 
t 
—— —!Boff 
— 
Bees 
90%}—------- : = 
Ic 
ui siecle cefee mann 
- . el ty | . ed tf t 
ton >! tote le eat ae 
— >| toff |< 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 


Vcc 


LC7 
200 uH 


Vc_= 300 V 
Ve Veo= 30V 


VeR= 5V 


7289211 
Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors BUS12 
BUS12A_ 
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BUS12 N 
| BUS12A5—F 


Fig. 8 Safe Operating ARea at Trp < 25 OC. 


(1) Ptot max @Md Ptot peak max lines. 

(2) Second-breakdown limits (independent of temperature). 

| Region of permissible d.c. operation. 

I! Permissible extension for repetitive pulse operation 

Il! Area of permissible operation during turn-on in single transistor 
converters, provided Ref < 100 Q and ty < 0,6 us. 

IV Repetitive pulse operation in this region is permissible 
provided VgE <O and typ <2 ms. 
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Fig. 10 Reverse bias SOAR. 


Fig. 9 Total power dissipation and second- 


breakdown current derating curve. 
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Fig. 11 Typical values d.c. current gain. 
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Fig. 12 Typical values base and collector voltage at I¢/Ip 
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Fig. 13 Typ. (———) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 0C. 
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= 25 OC. 
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Fig. 14 Typical values base-emitter voltage at Tj 
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Silicon diffuséd power transistors BUS12 
_ BUS12A 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies 
from rectangular in a forward converter to sawtooth in a flyback converter. 


information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icnq represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 

—~ collector current shape Ic¢4/Icny = 0,9 

— duty factor tp/T = 045 

— rate of rise of Ic during turn-on = 8 A/us 

— rate of rise of Vcg during turn-off = 1 kV/us 

— reverse drive voltage during turn-off = 5 V 

— base current shape !p7/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 
100 — T 
tot 


To ensure thermal stability the value of the ambient temperature Tamp > 40 OC. 


VCE \ 
re) ane eae et eee ae anor 
Ig t 3k / 
1B (end) 
0 t —— le ae eat fl 


i 


<—_—{t —> 


p 
<———_———_- T -—____-___» 


TURN-ON TURN-OFF 
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Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUS12 
BUS12A 


7288791 


Fig. 16 Recommended nominal “end” value of the base current (!p_) and optimum base inductance 
(Lp) at —Vqdriye = 5 V versus maximum peak collector current. dlB(end) = + 20%. 


For other values of —Varjye (3 V to 7 V) the related Lp is: 


(—Vd¢rive) +1 
LBnom ee 


LBnom is the value given in this graph. 


7288785 


ine 
Ne 


Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum 
peak collector current. Tmb = 100 °C; dipieng) = + 20%. 
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SILICON DIFFUSED POWER TRANSISTORS a 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUS13 BUS13A 

Collector-emitter voltage (Vg = 0, peak value) VCESM 
Collector-emitter voltage (open base) VCEO 
Collector current (d.c.) Ic max. 15 A 
Collector current (peak value) ty <2 ms ICM max. 30 A 
Total power dissipation up to Tmp = 25 °C Prot max. 175 W 
Collector-emitter saturation voltage 

lc= 8A; Ip=1,6A VCEsat < — 1,5 V 
Fall time (resistive load) 

ICon = 104A; Ipon = —lBoff=2 A te < 0,8 — ys 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-3. 


Collector connected to case. 


|\+——— 26,6 max ——_> 


109—> 


7Z69700.1 11,2 


© Products approved to CECC 50 004—125 available on request. 
See also chapters Mounting instructions and Accessories. 
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BUS13A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUS13 BUS13A 
Collector-emitter voltage (VpF = 0, peak value) VCESM 
Collector-emitter voltage (open base) VCcEO 
Collector current (d.c.) Ic 
Collector current (peak value); tp <2 ms lcm A 
Base current (d.c.) Ip max. 6 A 
Base current (peak value); ty < 2 ms IBM max. 9 A 
Total power dissipation up to Tmp = 25 PC Prot max. 175 W 
Storage temperature Tstg —65 to +200 oC 
Junction temperature Tj max. 200 oC 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 1,0 K/W 


CHARACTERISTICS 
qj = 25 OC unless otherwise specified 
Collector cut-off current * 


VceE = VCESMmax: VBE = 9 ICES < 1 mA 

Voce = VCESMmax: VBE = 9; Tj = 125 °C ICES < 4 mA 
Emitter cut-off current 

Ic =0; Veg =9V . lEBO < 10 mA 

BUS13 BUS13A 

Saturation voltages 

Ic=10A;Ip=2 A VCEsat << 

Ic= BSA; IBp=16A | VCEsat =< 

Ic=10A;Ip=2 A VBEsat <— 

Ic= SA; Ip=l1EA . VBEsat < 
Collector-emitter sustaining voltage 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors BUS13 
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CHARACTERISTICS (continued) 


+50V 
100-2002 
7Z75256 
250 
200 
Ic 
(mA) oscilloscope 
100 
vert. 
0 ~ 
min Vg (V) 30-60Hz °V 
VeEOsust 7Z62283 
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEQsust- 


Switching times resistive load (Figs 4 and 5) 
ICon = 10 A; !Bon = —!Boft = 24 


Turn-on time ton < 

Turn-off: Storage time ts < 
Fall time te < 

ICon = 8A; IBon = —!Botf = 1.6 A 

Turn-on time ton < 

Turn-off: Storage time ts x 
Fall time tf < 


Switching times inductive load (Figs 6 and 7) 


Turn-off: Storage time | | te oo 
Fall time te oie 

ICon = 10 A; Ip = 2 A; Tj = 100 °C 

Turn-off: Storage time ts oe 
Fall time tf pe 

Switching times inductive load (Figs 6 and 7) 

Icon =8 A IB =1,6A | 

Turn-off: Storage time ts ee 
Fall time | te oe 

Icon = 8 A; Ip = 1,6 A; Tj = 100 °C 

Turn-off: Storage time | ts ple 
Fall time te Ble 
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BUS13 
BUSI3A 


Vec = 250 V 
Vim=—6to+8V 
‘p = 20 us 
- =0,01 
T 
7289210 
Fig. 4 Test circuit resistive load. 
7Z89212.1 
; 7277499.5 ty 
>| |< 
90%| — —bes=== 3 — |Bon 
Ip / 
10% k= 
t 
— —— —Boff 
——— | 
90%+}—-—-—-—---— , oon 
Ic 
10%>- — — oS 
tf t 
>| |< 
> ty {—— 
—»>| Toff |< 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. | with inductive load. 
Vcc 


7289211 
Fig. 7 Test circuit inductive load. : 
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Silicon diffused power transistors BUS13 
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Fig. 8 Safe Operating ARea at Timp S 25 °C. 


(1) Prot max and Prot peak max lines. 

(2) Second-breakdown limits (independent of temperature). 

| Region of permissible d.c. operation 

I! Permissible extension for repetitive pulse operation 

lif Area of permissible operation during turn-on in single transistor 
converters, provided Rag < 100 22 and tp < 0,6 us. 

\V Repetitive pulse operation in this region is permissible 
provided VpF <O and tp <2 ms. 
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Fig. 10 Reverse bias SOAR. 
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Fig. 11 Typical values d.c. current gain. 
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Fig. 12 Typical values base and collector voltage at Ic/Ip 
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Fig. 13 Typical (———) and maximum (— — —) values saturation voltage. Tj 
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= 25 OC. 
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Fig. 14 Typical values base-emitter voltage at Tj 
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Silicon diffused power transistors BUS13 


BUSI3A 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular in a forward converter to sawtooth in a flyback converter. 


Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icy represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 


| 


collector current shape Ic1/Icyy = 0,9 

duty factor tp/T = 0,45 

rate of rise of Ic during turn-on =10 A/yus 
rate of rise of Vcg during turn-off = 1 kV/ys 
reverse drive voltage during turn-off = 5 V 
base current shape |p4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 


100 — T 
Rth mba <—— KW 
Prot 


To ensure thermal stability the value of the ambient temperature Tamp > 40 °C. 


—<——t.—_»> 


p 


<__—____ T —_____» 


TURN-ON TURN-OFF 
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Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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BUSI13A 


Fig. 16 Recommended nominal ‘‘end” value of the base current (Ipe) and optimum base inductance 
(Lg) at —Vqrive = 5 V versus maximum peak collector current. dlp (end) = + 20%. 
For other values of eee (3 V to 7 V) the related Lg is: 


(—Vdrive) + 1 
LBnom eo 


_Bnom is the value given in this graph. 


Prot 
(W) 


EAUKAZERS 
BEKEN 


20 


Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. Timp = 100 °C; dig(end) = + 20%. 
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BUS14 
BUSI4A 


SILICON DIFFUSED POWER TRANSISTORS 


High-voitage, high-speed, giass-passivated n-p-n power transistors in a 10-3 envelope, indended for use 
in converters, inverters, switching regulators, motor contro! systems etc. 


QUICK REFERENCE DATA 


BUS14 BUS14A 


Collector-emitter voltage (Vpe = 0, peak value) VCESM max. 850 1000 V 
Collector-emitter voltage (open base) VCEO max. 400 450 V 
Collector current (d.c.) Ic max. 30 A 
Collector current (peak value) typ < 2 ms lcm max. 50 A 
Total power dissipation up to Trp = 25 OC Prot max. 250 W 
Collector-emitter saturation voltage 

Ic=16A;Ip=3,2A VCEsat =< —~ 1,5 V 
Fall time (resistive load) 

Icon = 20 A; IBon = —lBotf=4 A te < 0,8 — US 

ICon = 16 A; IBon = —! Bott = 3.2 A te < _ 0,8 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 
Collector connected to case. —~ Omax << 


~<t—— 26,6 max i 7 2,5 


12,8 
2-109» 72837458 1,2. 


See also chapters Mounting instructions and Accessories. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (Ver = 0, peak value) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value); ty <2ms 
Base current (d.c.) 

Base current (peak value); ty <2 ms 

Total power dissipation up to Tmyh = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current * 

VceE = VCESMmax: VBE = 9 

Voce = VCESMmax: VBE = 0; Tj = 125 °C 
Emitter cut-off current 

lc=0;Vep=9V 


Saturation voltages 
Ic=20A;Ip=4 A 
Ic = 16A; 1p =3,2A 
Ic=20A;Ip=4 A 
Ic=16A;Ip=3,2A 
Collector-emitter sustaining voltage 
Ic = 100 mA; I Bore = 0; L= 25 mH 


* Measured with a half sine-wave voltage (curve tracer). 


January 1983 


BUS14 BUS1T4A 
VCESM 1000 V 
VcEO 450 V 
Ic max. 30 A 
IcM max. 50 A 
IB max. 6 A 
IBM max. 10 A 
Prot max. 250 W 
Tj max. 200 oC 
Rth j-mb = 0,7 K/W 
IcES < 1 mA 
ICES < 5 mA 
lEBO < 10 mA 
VCEsat < 
VCEsat < 
VBEsat < 
VBEsat < 
VCEOsust 


Silicon diffused power transistors BUS14 
BUS14A 


CHARACTERISTICS (continued) 


+50V 
“400-2000 


7Z75254 L 


——- hor. 


oscilloscope 


——— vert. 


oe 6V 
: 30-60H 
mun Voce (V) ° 7262283 
VcEOsust 
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEQsust- 
Switching times resistive load (Figs 4 and 5) 
ICon = 20 A; IBon = —!Boff =4A BUS14 | BUSI4A 
Turn-on time ton < 1. — Ms 
Turn-off: Storage time ts a 4 = Us 
Fall time tf < 0,8 — Us 
ICon = 16 A; IBon = —!Boff = 3,2 A 
Turn-on time ton << = 1 ows 
Turn-off: Storage time ts <3 — 4 ys 
Fall time tf < — 08 us 
Switching times inductive load (Figs 6 and 7) 
typ. 2; = pS 
Turn-off: Storage time ts es 3.6 = us 
typ. 80 -- ns 
Fail time tf < 150 - “6 
ICon = 20 A; ip = 4A; Tj = 100 oC 
Turn-off: Storage ti t Epes > io ee 
urn-off: Storage time s ee 4.0 - “is 
typ. 140 — ns 
Fall time tf e 300 : 7 
Switching times inductive load (Figs 6 and 7) 
ICon = 16 A; Ip =3,2A 56 
: typ. — Us 
Turn-off: Storage time ts < _ 36 HS 
; typ. — 80 ns 
Fall time tf “ ie 150 ns 
ICon = 16 A; Ip = 3,2 A; Tj = 100 °C 
Turn-off: Storage ti t oe ot as 
urn-off: Storage time 5 < 2, 40 ps 
: typ. _ 140 ns 
Fall time tf < _ 300 ns 
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BUS14 


BUS14A 
Vcc = 250 V 
Vim= —6to+8V 
‘P = 20 us 
p 
— =0,01 
7 
7289210 
Fig. 4 Test circuit resistive load. 
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Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 
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Fig. 7 Test circuit inductive load. 
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Fig. 8 Safe Operating ARea at Trp < 25 PC. 


(1) Prot max 29d Poeak max lines. 
(2) Second-breakdown limits (independent of temperature). 


| Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

lt] Area of permissible operation during turn-on in single transistor 
converters, provided Rar < 100 2 and tp 0,6 us 

IV Repetitive pulse operation in this region is permissible 
provided Ver <0 and tp <2 ms. 
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Fig. 10 Reverse bias SOAR. 


Fig. 9 Total power dissipation and 


second-breakdown current derating curve. 
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Fig. 11 Typical values d.c. current gain. 
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Silicon diffused power transistors 
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Fig. 13 Typical (——) and maximum (— — —) values saturation voltage. Tj = 25 °C. 
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Silicon diffused power transistors BUS14 
BUS14A 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the 
operating frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular in a forward converter to sawtooth ina flyback converter. 


information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures I cjy represents the maximum 
repetitive peak collector current, which occurs during overload. The information is derived from 
limit-case transistors at a mounting base temperature of 100 °C under the following conditions (see 
also Fig. 15): 

— collector current shape Ic¢4/Icny = 0,9 

— duty factor tp/T =0,45 

rate of rise of Ic during turn-on = 20 A/us 

rate of rise of Vcg during turn-off = 1 kV/us 

reverse drive voltage during turn-off = 5 V 

base current shape |p4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 


100 — Tamb 
Rth mb-a < ——>——— K/W 
Prot 


To ensure thermal stability the value of the ambient temperature Tampb > 40 °C. 


fe 


t 
a 


TURN-ON TURN-OFF 


7288781 


Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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— BUS14 
BUS14A 


7Z88793 


Fig. 16 Recommended nominal *‘‘end”’ value of the base current (Ipe) and optimum base inductance 
(Lg) at —Vdrive = 5 V versus maximum peak collector current. di g(end) = + 20%. 


For other values of —Vqriye (3 V to 7 V) the related Lp is: 


(—Vqrive) + 1 
LBnom ere 


LBnom is the value given in this graph. 


7288789 
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Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. Tmb = 100 °C; di B(end) = + 20%. 
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DEVELOPMENT DATA 
This data sheet contains advance information and BUS?21 SERIES 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 


Vee = 0; peak value VCESM max. 
Collector-emitter voltage 

open base VCEQ max. 
Collector saturation current ICsat 
Collector current {d.c.) Ic max. 
Collector current (peak value) ICM max. 


Total power dissipation 
up to Tmb = 25 PC Prot max. 


Collector-emitter saturation voltage 
IC =3A VCEsat < 


D.C. current gain 


ic =0,5A;Vce = 10 V h typ. 
Ic=3 A: Vee =15V FE 
MECHANICAL DATA 
Fig. 1 TO-3. 
Collector connected to case. 
<+—— 26,6 max ez 
20,3 ; 
r 


Lt 40,9 > | be 12,8 


2269700. 11,2 


For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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~BUS21 SERIES 


216 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage 
VBE = 0; peak value 


Collector-emitter voltage 
open base 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 


Total power dissipation 
up to Tmp = 25 PC 


Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 

Vce = VCESMmax: VBE = 9 
Emitter cut-off current 

lc =0;VeRp=9V 


D.C. current gain 
lc =0,5 A; Veg = 10 V 
Ic=3 A; Voce =1,5 V 


Collector-emitter sustaining voltage 
Ip =0;1¢=0,1 A; L= 25 mH 

Saturation voltages 
Ic=3SA;lp=a03A 
Ic=3A;lp=0,34A 
Ic=3A;Ip=O0O4A 


Ic=3A;Ip=05A 


NFE 


VCEOsust 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


VCEsat 
VBEsat 


* Measured with half sine-wave voltage (curve tracer). 
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max. 


max. 


max. 


V 


AIAN ANDRA 


BUS21 


550 | 650 | 750 | 850 V 


300 | 350 | 400 | 450 V 


5 
10 
2 


100 
—65 to + 200 
200 


A 
A 
A 
A 
K/W 


mA 


mA 
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DEVELOPMENT DATA 
This data sheet contains advance information and BUS22 SERIES 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 
VBE = 0; peak value 


Collector-emitter voltage; open base 
Collector saturation current 
Collector current (d.c.) 

Coilector current (peak value) 


Total power dissipation 
up to Tmpb = 25 °C 
Collector-emitter saturation voltage 
Ic =6A 
D.C. current gain 
Ic=1A;VcE=5V 
Ic =6A; VcE=15V 


MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 
Collector connected to case. 


+\— 26,6 max ——_> 


109 


72Z69700.1 11,2 


For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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BUS22 SERIES 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage 


Vee = 0; peak value VCESM 
Coilector-emitter voltage; open base | VCEO 
Collector current (d.c.) Ic 
Collector current (peak value) ICM A 
Base current (d.c.) 3 Ip max. | 4 A 
Base current (peak value) IBM max. 6 A 
Total power dissipation | 

up to Tmb = 25 PC Prot max. 125 W 
Storage temperature T stg —65 to + 200 oC 
Junction temperature | Tj. /max. 200 oC 


THERMAL RESISTANCE | 
From junction to mounting base | Rth j-mb ve 1,4 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 


Voce = VCESMmax: VBE = 9 ICES <’ 1 mA 
Emitter cut-off current 2 
Ic =0;Vep=9V | lEBO < 10 mA 
D.C. current gain 
Ic=1A;Vcep=5V hre typ. | 18 
BUS22 


Collector-emitter sustaining voltage 


Ip = 0; 1¢ = 0,1 A; L= 25 mH VCEOsust > 300 V 
Saturation voltages 

Ic=6GA;Ip=O6A VCEsat Se 1,5 — V 
VBEsat < 1,5 -— V 

Ic=6A;lp=0,67A VCEsat < _ -.V 
VBEsat < ~ oie 
Ic=6A;lp=08A VCEsat < -- — V 
VBEsat < = at 

Ic=6A;Ip=1A VCEsat = = 15 V 
VBEsat < = 18 V 


* Measured with half sine-wave voltage (curve tracer). 
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DEVELOPMENT DATA 
This data sheet contains advance information and BUS23 SERIES 


specifications are subject to change without notice. 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 


Vpe = 0; peak value VCESM max. 
Collector-emitter voltage 

open base VCEO max. 
Collector saturation current ICsat 7 


Collector current (d.c.) Ic max. 
Collector current (peak value) ICM max, 


Total power dissipation 
up to Tmb = 25 PC Prot max. 


Collector-emitter saturation voltage 
Ic =10A VCEsat < 


D.C. current gain 


Ic=1,5A;VcE=5V h typ. 
Ic = 10 A; Voge = 1,5 V FE > 
MECHANICAL DATA 
Fig. 1 TO-3. 
Collector connected to case —>| Imax +- 
+ 26,6 max ———~> 7) 2,5 
a 
| 
20,3 y 
max = 
ee 1,0 
| A 
12,8 
Le 7Z69700.1 a 11,2 og 


For accessories and mounting instructions see Handbook I|.f. power transistors. 
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BUS23 SERIES 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage | 


Vee = 0; peak value -VcESM max. 
Collector-emitter voltage . oo 
open base VCEO max. 
Collector current (d.c.) | le max. 
Collector current (peak value) ICM max. 
Base current (d.c.) Ip max. 
Base current (peak value) IBM max. 
Total power dissipation 
up to Tmb = 25 PC Prot max. 175 Ww 
Storage temperature — Tstg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = = 0,7 K/W 


CHARACTERISTICS © 
Tj = 25 °C unless otherwise specified 


Collector cut-off current* 


Vce = VCESMmax: VBE =0 | Ices < 4 mA 
Emitter cut-off current 

lc=0;Vep=9V lEBO c< 10 mA 
D.C. current gain 

Ic =15A;Vce=5V hee typ. 25 


Collector-emitter sustaining voltage 


Ip =0;I¢ = 0,1 A; L = 25 mH VCEOsust > V 
Saturation voltages | | 

Ic=10A;Ip=z1A ~  VeEsat > 1,5 -— V 
VBEsat < 1,5 — V 

Ic=10A;Igp=1,11A VcEsat =< ~ — V 
VBEsat a = - V 

lc =10A; 1p =1,33A VCEsat < - — V 

. VBEsat | a = - Vv 

Ic =10A;lp=1,67A VCEsat < — 15 V 
VBEsat < = 15 V 


* Measured with half sine-wave voltage (curve tracer). 
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BUT11 
BUTTIA 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-220 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpe = 0, peak value) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) tp <2ms 

Total power dissipation up to Tp = 25 PC 


Collector-emitter saturation voltage 
Ic= SA; IB=OEA 
lc=2,5A;ip=0,5A 


Fall time 

ICon = 2,5 A; IBon = —!Boff = 0,5 A tf < _ 0,8 us 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-220 
Collector 


connected to case 


\ top view 
3,5 max 
not tinned 
2 
13 
max 1 
(2x) 
3 


> a 0,6 


el let 24 


oe 
254 254 


7265872.4 


See also chapters Mounting instructions and Accessories. 
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BUTT 
BUTTIA 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134). 


Collector-emitter voltage (peak value, Ver = 0) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) ty <2ms 

Base current (d.c.) 

Base current (peak value); ty <2 ms 

Total power dissipation up to Tmpb = 25 OC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to mounting base 


CHARACTERISTICS 
Tj = 25 SC unless otherwise specified 
Collector cut-off current * 

Vce = VCESMmax: VBE = 9 

Vce = VCESMmax: VBE = 0; Tj = 125 °C 
Emitter cut-off current 

lc =0;VeRp=9V 
Saturation voltages 

Ic= 3A;Ip=O,6A 


Ic=2,5A;1p=0,5A 


Collector-emitter sustaining voltage 
Ic = 100 mA; ipoff = 0; L= 25 mA 


* Measured with a half sine-wave voltage (curve tracer). 


January 1983 


VCESM max. 
VCEO max. 
Ic max. 
ICM max 
lp max 
IBM max 
Prot max 
T stg 

qj max. 
Rthj-mb = 
Ices =< 
Ices) < 
lEBO. OS 
VCEsat < 
VBEsat < 
VCEsat < 
VBEsat < 
VCEOsust> 


_BUTI1 
850 
400 


10 


4 
100 


--65 to + 150 


150 


1,25 


BUT11A__ 
1000 V 
450 V 


Silicon diffused power transistors 


CHARACTERISTICS (continued) 


7Z75254 


min Veg (V) 
VoEOsust 


Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load (Figs 4 and 5) 
Icon = 3 A; !Bon = —|Boft = 0,6 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


ICon = 2,5 A; IBon = —!Boff = 9,5 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


Switching times inductive load (Figs 6 and 7) 
ICon= 3A; 1p =0,6A 


Turn-off: Storage time 
Fall time 


lCon = 3 A; Ip = 0,6 A; TS 100 °C 
Turn-off: Storage time 


Fall time 


Switching times inductive load (Figs 6 and 7) 
ICon = 2,5 A; 1p =0,5A 


Turn-off: Storage time 
Fall time 


ICon = 2,5 A; Ip = 0,5 A; qj = 100 °C 
Turn-off: Storage time 


Fall time 


30-60Hz 


tg 


tf 


tf 


AN 


BUTT 
BUTTIA 


+50V 
100-200. 


oscilloscope 


vert. 


7262283 


— ps 
— ps 


1 ps 


4 wus 
0,8 us 


—— LS 
— ws 
— Ns 
~ AS 


pars Ms 
— Ms 
a= INS 
— ns 


1,1 us 
1,4 us 
80 ns 
150 ns 


1,2 us 
1,5 us 
140 ns 
300 ns 
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BUT11 
BUTHIA 


Vcc = 250 V 

VIM =—§ to+8V 
ae 

7; ° 0,01 

tp = 20 us 


The values of Rp and R_ are 
| | selected in accordance with 
>| ae yj y ICon and Ip requirements. 
<—— T— > 


7Z89210 


Fig. 4 Test circuit resistive load. 


7Z89212.1 
7277499.5 
pesseet 
90% Bon 
Ip IB 
10% 
t 
—— —|Boff 
eee 
80% ee 
o 90% | Con 
Ic | 
C 
10% | | 
10% ; 
<f a ts <= ee it i 
on >! tof lie ——P- | ts et 
—w-| Toff | << 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 


Ve_ = 300 V 
Vec= 30V 
Vep= 5V 


7289211.1 


Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors BUTT11 


CM max SS 0,01 
7288797 
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Fig. 8 Safe Operating ARea at Tryp & 25 OC. 


(1) Ptot max 29d Prot peak Max. lines. 
(2) Second-breakdown limits (independent of temperature). 


|! Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

ill Area of permissible operation during turn-on in single transistor 
converters, provided Rer < 100 2 and ty < 0,6 us. 

iV Repetitive pulse operation in this region is permissible 
provided Vge <0 and tp <5 ms. 
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BUT11 
BUTHIA 


7Z88782.A 


Fig. 10 Reverse bias SOAR. 


Fig. 9 Total power dissipation and second- 


breakdown current derating curve. 


| ba 
Witter (aeatas 


INTO On 


Fig. 11 D.C. current gain. 


January 1983 


226 


Silicon diffused power transistors BUT11 


BUTTIA 
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Fig. 13 Typ. ( ) and max. (—--—) values collector-emitter saturation voltage at Tj = 25 OC. 
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Fig. 14 Typical values at Tj = 25 OC. 
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Silicon diffused power transistors BUT11 


BUTTIA 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular in a forward converter to sawtooth in a flyback converter. 


Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icpjq represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 

— collector current shape !¢4/Icny = 0,9 

— duty factor (th/T) = 0,45 

— rate of rise of [c during turn-on = 4 A/us 

— rate of rise of Vcg during turn-off = 1 kV/us 

'— reverse drive voltage during turn-off = 5 V 

— base current shape !p4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 
Prot 
To ensure thermal stability the value of the ambient temperature Tamp > 40 °C. 


~Rth mb-a < K/W 


TURN-ON TURN-OFF 


aoe 
gp eg 


7288781 


Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS, 


October 1985 229 


230 


BUT11 
BUTTIA 
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Fig. 16 Recommended nominal ‘‘end” value of the base current (I pe) 
and optimum base inductance (Lg) at —Vgrjye = 5 V versus maximum 
peak collector current. dlp(end) = + 20%. | 


For other values of —Vgrive (3 V to 7 V) the related Lp is: 


(—Vdrive) + 1 
LBnom a 


LBnom Is the value given in this graph. 


12 7288783 
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Fig. 17 Maximum transistor dissipation under worse-case operating 
condition versus maximum peak collector current. Tmpb = 100 °C; 
d!B (end) = + 20%. 
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BUTHIF 
BUTTIAF 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed, glass-passivated n-p-n power transistor in a SOT-186 envelope with an 
electrically insulated seating plane. The device is intended for use in converters, inverters, switching 
regulators motor control systems, etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage BUTTIF |BUTIIAF 
open base VCEO max. V 
Vee = 0, peak value VCESM max. - V 

Collector saturation current ICsat A 

Collector current 
d.c. Ic max. A 
peak value ICM max. A 

Total power dissipation up to Ty, = 25 °C Prot max. W 

Collector-emitter saturation voltage 
IcC=3A;lIp=O06A V < 1,5 - V 
Ic=2,5A;Ip=0,5A CEsat  < = 15° =V 

Fall time 
ICon = 3 A; IBon = IBoff = 0,6 A t x 0,8 == Us 
ICon = 2,54; IBon = |Boff = 0,5 A f < S 08 us 

MECHANICAL DATA 10,2 max Dimensions in mm 

Fig. 1 SOT-186 (TO-220F). Sees 

m 


2 
3 3,5 max 
not tinned — 
f 
: , : 1,5 max~> 
Seating plane ts electrically 
insulated from all terminals. 
O15 0,4@) I. 0,55 max 


= 153 


? 


7295293 


September 1985 231 


BUT1IF 
BUTTIAF 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUT11F |BUT11AF 


Collector-emitter voltage 


open base VCEO max. 400 450 V 

Vee = 0; peak value VCESM max. 850 1000 V 
Collector current 

d.c. a lc. max. 5 A 

peak value Icm max. 10 A 
Base current 

d.c. Ip max. 2 A 

peak value IBM max. 4 A 
Total power dissipation 

up to T}, = 25 9C* Prot max. 20 Ww 
Storage temperature Tstg —65 to + 150 °C 
Junction temperature Tj max. 150 OC 
THERMAL RESISTANCE 
From junction to internal heatsink Rth j-mb 1,45 K/W 
From junction to external heatsink* Rthj-h 6,45 K/W 
From junction to external heatsink* * Rthj-h 3,95 K/W 
From junction to ambient Rthj-a 55 K/W 
INSULATION 
Voltage allowed between al terminals 

and external heatsink, peak value Vinsul max. 1500 V 
Insulation capacitance between 

collector and external heatsink Co-h typ. 12 pF 
CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off currents 

Vce = VcESmax: VBE = 0 ices max. 1 mA 

VceE = VCESmax: VBE = 9; Tj = 125 °C max. 2 mA 
Emitter cut-off current | 

Vep=9V;1Ic=0 lEBO max. 10 mA 
D.C. current gain 

Ic=O5A;Vcp=5V hee typ. 25 


_ * Mounted without heatsink compound and 30 + 5 Newton pressure on centre of envelope. 


** Mounted with heatsink compound and 30 + 5 Newton pressure on centre of envelope. 
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Silicon diffused power transistor 


Collector-emitter sustaining voltage 
lc =0,1A; 1p =0;L = 25 pH 
(see Figs 2 and 3) 

Saturation voltages 
Ic=3A;lp=O06A 
Ic=2,5A;lIp=05A 


Switching times resistive load (Figs 4 and 5) 
ICon = 3A; IBon = !Botf = 0,6 A 


ICon = 2,5 A; IBon = !Boff = 0,5 A 


Switching times inductive load (Figs 6 and 7) 
Icon = 3A; 1p =0,6A 


Icon = 3A; Ip = 0,6 A; Tj = 100 OC 


ICon = 2,5 A; 1p =0,5A 


ICon = 2,5 A; Ig = 0,5 A; Tj = 100 °C 


7Z77036.1 


min VcE (V) 
VCEOsust 


Fig. 2 Oscilloscope display for 
sustaining voltage. 
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min. 


BUTTIF 
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+50V 
100-2002 


vert. 
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hor. 
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12 


Fig. 3 Test circuit for VcEOsus- 
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BUTTIAF 


BUTHF 
BUTHAF 


Vec =250V 
Vim =—6to+8V 
7Z89210 tp = 20 US 
a Bors Part oa Me bse | = =001 
Fig. 4 Test circuit resistive load. , T 
t 7277499.5 t — 7289212.2 
90% 
Ip 
10% 
90% 
Ic 
10% 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 
Ve_ = 300V 
7Z89211.2 Vec = 30V 
Vep = OV 
Lp = nH 
Fig. 7 Test circuit inductive load. Le =2004H 
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BUV82 
BUV83 


SILICON DIFFUSED POWER TRANSISTORS 


High voltage, high speed switching n-p-n power transistor in plastic SOT-93 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems and switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VgE = 0, peak value) VCESM Max. 
Collector-emitter voltage (RpE = 100 £2) VCER Max. 
Collector-emitter voltage (open base) VCEQO max. 
Collector current (d.c.) Ic max. 
Collector current (peak value) 

tp = 2 ms ICM max. 10 A 
Total power dissipation up to Tryp = 73 OC Prot max. 70 Ww 
Collector-emitter saturation voltage 

Ic =2,5A; Ip =0,5A VCEsat < 1,5 V 
Fall time 

-ICon = 2,5 A; IBon = 9,5 A; —Ipoff = 1A te typ. 0,3 ps 
MECHANICAL DATA oe Dimensions in mm 
Fig. 1 SOT-93. ~~ max 


Collector connected to 
mounting base 


2,2max [] 


dimensions within 
this zone are 


uncontrolled min min 
: beck 
| 0,95 


See also chapters Mounting instructions and Accessories. 
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BUV82 


BUV83 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage 


(Vee = 0; peak value) VCESM max. 
Collector-emitter voltage 

(Rpg = 100 £2) VCER max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (d.c.) Ic max. 
Collector current (peak value) 

tp = 2 ms IcM max. 
Base current (d.c.) Ip max. 
Base current (peak value) IBM max. 
Reverse base current (d.c. or average 

over any 20 ms period) | —IB(AV) max. 
Reverse base current (peak value)* - —IBM max. 
Total power dissipation up to Tmpb = 73 OC Prot max. 
Storage temperature ; T stg 
Junction temperature qj max. 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 


CHARACTERISTICS 
Tj =25 °C unless otherwise specified 
Collector cut-off current* * 


VCEM = VCESMmax: VBE = 9 ICES < 
VCEM = VCESMmax: VBE = 9; Tj = 125 °C ICES < 
D.C. current gain 


Ic=O0,6A;VcE=5V hee typ. 


*  Turn-off current. 


** Measured with a half sine wave voltage (curve tracer). 
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Silicon diffused power transistors BUV82 


BUV83 
CHARACTERISTICS (continued) 
qj = 25 °C unless otherwise specified 
Emitter cut-off current 
lc = 0; Veg =10V l-ERO < 10 mA 
Saturation voltages 
Ic =2,5A; lp =O0,5A VCEsat 1,5 V 
VBEsat < 1,4 V 
Ic= 4A;Ip=1,25A VCEsat < 3 V 
VBEsat  < 1,6 V 


BUV82 | BUV83 


Collector-emitter sustaining voltages 
Ic = 100 mA; IBofs = 0; L = 25 mH VCEOsust 


Ic = 100 mA; Reg = 100 2; L = 15 mH VCERsust 


Voy 


7272203 


min min Vce (V) 
VcEOsust VCERsust 


Fig. 2 Oscilloscope display for sustaining voltages. 
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Fig. 3 Test circuit for VceOsust- Fig. 4 Test circuit for VoERsust- 
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CHARACTERISTICS (continued) 
Tj = 25 °C unless otherwise specified 


Transition frequency at f = 1 MHz 
Ic =0,2 A; Vog = 10 V 


Switching times 
ICon = 2.5 A; Vec = 250 V 
IBon = 9,5 A; —IBoff= 1A 
Turn-on time 


Turn-off: Storage time 


Fall time 
Fall time, Tmpb = 95 PC 


7277499.5 
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Fig. 6 Switching times test circuit. 
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Fig. 7 Safe Operating ARea. 
| Region of permissible d.c. operation. 
[| Permissible extension for repetitive pulse operation. 


It! Area of permissible operation during turn-on in single-transistor converters, provided 
Ree S 100 Q and tp < 0,6 us. 


IV Repetitive pulse operation in this region is permissible, provided Vaf¢ <0 and ty <2 ms. 


(1) Prot max and Poeak max lines. 
(2) Second-breakdown limits (independent of temperature). 
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Fig. 10 S.B. voltage multiplying factor at the |Cma, level. 
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Fig. 11 S.B. current multiplying factor at the VcEQmax level. 
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Fig. 12 Base-emitter saturation voltage. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 


BUV89 


SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor in a plastic SOT-93 envelope especially intended 


for use in a.c. motor control systems from three-phase mains. 


QUICK REFERENCE DATA 


i at one em mere ss rate nr rer roa nereenet Grr een ANTES reer tarde 


Coliector-emitter voltage (Vpe = 0, peak value) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Total power dissipation up to Tp = 25 OC 


Collector-emitter saturation voltage 
Ic=45A;Ip=za2A 


Turn-on fall time 


MECHANICAL DATA 
Fig. 1 SOT93A 


Collector connected 
to mounting base. 


dimensions within 
this zone are 


uncontrolled ‘ min 
b% c 15 
. le ot es O 


| 095 


Pre (ae 


7283916. 2 


Dimensions in mm 


See also chapters Mounting instructions and Accessories in handbook I.f. power transistors. 
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BUV89 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (peak value; Vpg = 0) 
Collector-emitter voltage (open base) 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to Tmp = 25 PC 
Storage temperatu re 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current* 
VBE = 9; VcE = VcESMmax 
VBE = 9; VCE = VcESMmax: Tj = 125 °C 
Emitter cut-off current 
Veg =5V;Io=0 
Collector-emitter sustaining voltage 
Ip = 0; le = 100 mA; L = 25 mH 
Saturation voltage 
Ic=45A;Ip=H2A 
Ic=6A; IB=3A 
Transition frequency at f = 5 MHz 
Ic =0,1A; Veep =5V 
Collector capacitance at f = 1 MHz 
le =le=0; Vep = 10 V 
Switching times in resistive switching circuit (Fig. 5) 
ICon = 4,5 A; IBon = —lBoff = 2A 
Turn-on time 
Storage time 
Fall time 


Second-breakdown current 
VCE = 100 V; ty = 1s 


* Measured with a half-sinewave voltage (curve tracer). 


August 1983 


VeCESM max. 1200 
VCEQ max. 800 
Ic max 8 
Icm max 15 
Ip max 4 
IBM max 6 
Prot max 125 
Tj max. 150 
Rth j-mb = 1,0 
ICES < 1,0 
ICES < 2,0 
lEBO < 10 
VCEOsust> 800 
VCEsat < 1 
VBEsat < 1,3 
VcEsat_ typ. 1 
it typ. ri 
Co typ 125 
ton typ 0,2 
ts typ. 3,5 
tt typ 0,5 
l(SB) = 0,3 


K/W 


MHz 


Silicon diffused power transistor BUV89 


+6V 


hor. 


oscilloscope 


vert. 


: ] 
min VcEo sust 


30-60Hz 4 
7Z62752 Vise (V) 
7262340 
Fig. 2 Test circuit for VcEQsust Fig. 3 Oscilloscope display for VeEQsyst: 


t 7Z77499.5 


: . 7 7272198 1A 
Fig. 5 Switching times test circuit. 
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Fig. 6 Safe Operating ARea; Tmp < 25 °C. 


2. Second-breakdown limits finidependent of Eemipetaanys 
| Region of permissible d.c. operation. 
I! Permissible extension for repetitive pulse operation. 
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DEVELOPMENT DATA 


This data sheet contains advance information and BUV9O 
specifications are subject to change without notice. 


BUV9OA 


SILICON DIFFUSED DARLINGTON POWER TRANSISTORS 


High-voltage, monolithic n-p-n power Darlington transistors in an SOT-93 envelope intended for use in 
car ignition systems, d.c. and a.c. motor controls, solenoid drivers, etc. 


QUICK REFERENCE DATA 


BUV90 | BUV90A 


Collector-emitter voltage (Vge = 0, peak value) VcEsSM max. 650 V 
Collector-emitter voltage (open base) VCEO max. 400 V 
Collector saturation current ICsat 10 A 
Collector current (d.c.) Ic max. 12 A 
Collector current (peak value) IcM max. 30 A 
Total power dissipation up to Tmp = 25 °C Prot max. 125 Ww 
Collector-emitter saturation voltage 

Ic =5A;lp=0.05A VCEsat < 1.5 — 7 

lc = 10A;lp=O3A VCEsat < pe V 
Fail time (inductive switching) 

ICon = 5 A; IBon = 50 mA; Le = 200 wH tf typ. 0.7 Ms 

ICon = 10 A; tBon = 300 mA; Le = 200 wH tr typ. 1 Ms 
MECHANICAL DATA Dimensions in mm 


Fig.1 SOT-93; Collector connected to mounting base 


v 15,2 : 
max 


2,2max _ 
dimensions within 0 
this zone are a 13,6 
uncontrolled or 
ol) cll elf 
> Bye all, 
| 0/95 
<—[7}-—> | 


For Accessories and Mounting instructions see handbook: L.F. power transistors and modules. 
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BUV90 
BUV90A 


Fig. 2 Darlington circuit diagram 


R1 typical 500 92 
R2 typical 300 2 


Rt R2 


t] 
‘ 
‘ 
7266445 2 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (1EC134). 
Collector-emitter voltage (Vee = 0, peak value) VCESM max. 650 V 
Collector-emitter voltage (open base) VCEO max. 400 V 
Collector current (d.c.) Ic max. 12 A 
Collector current (peak value) IcmM max. 30 A 
Base current (d.c.) IB max. 4 A 
Base current (peak value) Inu max. 6 A 
Total power dissipation up to Tmp = 25 OC Prot max. 125 W 
Storage temperature Tstg —65 to +150 oC 
Junction temperature Tj | max. 150 oC 
THERMAL RESISTANCE 
From junction to mounting base | Rth j-mb = 1 K/W 
CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 

VceE = VCESMmax: VBE = 0 ICES < 1 mA 

VceE = VCESMmax: VBE = 0; Tj = 125 oc ICES < 3 mA 
Emitter cut-off current 

Ic=0; VeEp=6V . lEBO < 20 mA 
Collector-emitter sustaining voltage 

Ic= 5A;lp=0;L=8mH VCEOsust > 400 V 
Diode forward voltage 


lr =8A;lp =0 Ve < 3 V 


*Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused Darlington power transistors BUV90 


BUV90A 


CHARACTERISTICS (continued) 


BUV90A 


Saturation voltages 


Ic=5A;Ip =0.05A VCEsat = V 
VBEsat < 2 V 
Ic =5 A; Ip = 0.06 Ae Ty 80 OC VCEsat =< 1.5 | 18 V 
VBEsat a 2 V 
Ic =6 A; 1g = 0.1 A; Tj = 150 °C VCEsat < 1.5 | 1.7 V 
VBEsat = 2 V 
Ic=10A;Ip=O0.3A VCEsat <a V 
VBEsat < 2.5 V 
-Turn-off breakdown energy, 
with inductive load (Fig.3) 
Ic =10A;lp=O0.3A 
Le =8 mH; Ve, = 400 V E(BR) > 400 mJ 
Turn-on test (Fig.4) VCEon > 400 V 
< 
> Fall time; inductive switching (Fig.5) 
QO ICon = 9 A; IBon = 90 mA; Le = 200 wH tf typ. 0.7 Ms 
2 Icon = 10 A; IBon = 300MA;Le=200uH tg typ. 1 ys 
= 
Oo. 
oO 
_ 
Lu 
> 
Lu 
Q 
VCE on +25V 


0.2uF 


MO747 


Fig.3: Enercy test Fig.4: Turn-on test Fig.5: Inductive switching 
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Fig. 6 Safe Operating Area; Tryp < 25 OC 


| Region of permissible d.c. operation 
Il Permissible extension for repetitive pulse operation 
[Il Repetitive pulse operation in this region is permissible, provided Vee <Oand tp <5 ms. 


(2) Second-breakdown limits (independent of temperature). 
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BUWTIA 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpf = 0, peak value) VCESM max. 
Collector-emitter voltage (open base) VCEQ max. 
~ Collector current (d.c.) Ic max. 
Collector current (peak value) tp <2 ms ICM max. 
Total power dissipation up to Tryp = 25 OC Prot max. 


Collector-emitter saturation voltage 


Ic= 3A; Ip=06A VCEsat < 15% - V 

Ic =2,5A;ip=0,5A VCEsat < — 15 3V 
Fall time (resistive load) 

ICon= 3A; lBon = —!Botf = 0,6 A t¢ < 0,8 — ps 
MECHANICAL DATA Dimensions in. mm 


Fig. 1 SOT-93. 


Collector connected to 
mounting base. 


dimensions within 
this zone are 
uncontrolled 


| [a1} | 1,6 7Z75220.3 


See also chapters Mounting instructions and Accessories. 
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BUWTIA 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUW11 | BUW11A 
Collector-emitter voltage (Vpe = 0, peak value) VCESM max. 850 1000 V 
Collector-emitter voltage (open base) VCEO max. 400 450 V 
Collector current (d.c.) Ic max. 5 A 
Collector current (peak value) tp <2 ms ICM max. 10 A 
Base current (d.c.) | Ip max. 2 A 
Base current (peak value); tp <2 ms IBM max. 4 A 
Total power dissipation up to Tmp = 25 OC Prot max. 100 W 
Storage temperature T stg —65 to + 150 oc 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 7 
From junction to mounting base Rthj-mb = 1,25 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 


Vce = VCESMmax: VBE = 0 ICES = 1 mA 
VCE = VCESMmax: VBE = 0; Tj = 125 OC ICES =< mA 
Emitter cut-off current 
lc =0;Vep=9V . lIEBO < 
Saturation voltages 
Ic= SA; IB=06A VCEsat < 
VBEsat < 
Ic=2,5A;Ip=0,5A VCEsat < 
VBEsat < 


Collector-emitter sustaining voltage 

Ic = 100 mA; Ipoff¢ = 0; L = 25 mH VCEOsust — 
Collector saturation current 

¥CE=HoV ICsat < 


* Measured with a half sine-wave voltage (curve tracer). 
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CHARACTERISTICS (continued) 


7277036.1 
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Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load (Figs 4 and 5) 


ICon = 3A; IBon = !Boff = 0,6 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


ICon = 2,5 A; IBon = —!Boff = 0,5 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


Switching times inductive load (Figs 6 and 7) 
ICon =3A; Ip =0,6A 
Turn-off: Storage time 


Fall time 


ICon = 3A; Ip = 9,6 A; Tj = 100 oC 
Turn-off: Storage time 


Fall time 
Switching times inductive load (Figs 6 and 7) 


ICon = 2,5 A; Ip =0,5A 
Turn-off: Storage time 


Fall time 


ICon = 2,5 A; Ip = 0,5 A; Tj = 100 oC 
Turn-off: Storage time 


Fall time 


Vigge 


0 


<_T> 
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Fig. 3 Test circuit for VCEQOsust- 
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BUWi1 


BUWTIA } 
Vcc = 250 V 
Vim =-6to+8V 
t 
P =001 
+ 
tp = 20 us 
VIM 9. 2 The vaiues of Rp and R; are 
| | ! = | selected in accordance with 


ICon and Ip requirements. 
7Z89216 


Fig. 4 Test circuit resistive load. 


t 72774994 t 7289212.2 


Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 


Vez_ = 300 V 
Vec = 30V 
7289211.2 —-VBE= 5V 
La = 14H 
Le =200uH 


Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors 
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Fig. 8 Safe Operating ARea at Tmp < 25 OC. 


(1) Prot max line. 
(2) Second-breakdown limits. <— 
{ Region of permissible d.c. operation 
1! Permissible extension for repetitive pulse operation 
11! Area of permissible operation during turn-on in single transistor 
converters, provided Ree < 100 Q and tp < 0,6 us. 
IV Repetitive pulse operation in this region is permissible 
provided Vggp <O and tp <5 ms. 
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Fig. 10 Reverse bias SOAR. 


Fig.9 Total power dissipation 
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Fig. 11 Typical values d.c. current gain. 
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Fig. 12 Typical values base-emitter and collector-emitter voltage, IC/Ip 
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) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 OC. 


Fig. 13 Typ. ( 
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Fig. 14 Typical values at Tj 
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Silicon diffused power transistors BUWT11 
BUWTIA 


APPLICATION INFORMATION 


important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular ina forward converter to sawtooth ina flyback converter. 


information on nominal base drive, optimum base inductance and maximum transistor dissipation 
appited in a forward converter is given in Figs 15, 16 and 17. !n these figures Icpq represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 
— collector current shape Ic7/Icny = 0,9 
~ duty factor tp/T = 0,45 
rate of rise of I¢ during turn-on = 4 A/ys 

— rate of rise of Veg during turn-off = 1 kV/ys 
. reverse drive voltage during turn-off = 5 V 
— base current shape |p4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 


Rth mba <——s— KW 
tot 


To ensure thermal stability the value of the ambient temperature Tampb > 40 OC. 


t 


0 a ene 


bomen. aa 
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Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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Fig. 16 Recommended nominal ‘‘end” value of the base current (Ipe) and optimum base inductance 
(Lg) at —Vqrive = 5 V versus maximum peak collector current. digienq) = + 20%. 
For other values of —Vgriye (3 V to 7 V) the related Lp is: 
(—Varive) + 1 
6 
LBnom is the value given in this graph. 


LBnom 


low (A) 


Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. Tryh = 100 °C; dig(end) = + 20%. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUW12 | BUW12A 


Collector-emitter voltage (VpE = 0, peak value) VCESM max. 850 1000 V 
Collector-emitter voltage (open base) ~ VcCEQ max. 400 450 V 
Collector current (d.c.) Ic max. 8 A 
Collector current (peak value) ty <2 ms ICM max. 20 A 
Total power dissipation up to Tmp = 25 °C Prot max. 125 W 
Collector-emitter saturation voltage 
Ic=6A;Ip=1,2A VcEsat < 15 | - v 
Ic=5A;lp=at A VCEsat < —_ 15 V 
Fall time (resistive load) 
MECHANICAL DATA Dimensions in mm 
5,2 
Fig. 1 SOT-93. nae 


Collector connected to 
mounting base. 


dimensions within 
this zone are | 
uncontrolled 


me 6 7Z75220.3 


See also chapters Mounting instructions and Accessories. 
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BUWi12 
BUW12A 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (peak value; VBE = 0) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value); tp <2 ms 
Base current (d.c.) 

Base current (peak value); tp <2 ms 

Total power dissipation up to Tmp = 25 PC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 
From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* 
Vice = VCESMmax: VBE = 9 


~Vce = VCESMmax: VBE = 9; Tj = 125 °C 


Emitter cut-off current 
lc =0;Vep=9V 


Saturation voltages 
Ic =6 A: Ip =1,2A 


Ic=5A;Ip=10A 


Collector-emitter sustaining voltage 
Ic = 100 mA; Iporf¢ = 0; L = 25 mH 


* Measured with a half sine-wave voltage (curve tracer). 
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lEBO 


VCEsat 
VBEsat 
VCEsat 
VBEsat 


VCEOsust 


max. 


ANAA ix NA 
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125 
—65 to + 150 
150 
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Silicon diffused power transistors 


CHARACTERISTICS (continued) 


7277036.1 


min Vege (V) 
VCEOsust 


Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load (Figs 4 and 5) 


ICon = 6 A; IBon = —!Bott = 1.2 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


Icon = 5A; IBon = —lBoff =1A 
Turn-on time 


Turn-off: Storage time 
Fall time 


Switching times inductive load (Figs 6 and 7) 
ICon =6 A; Ip =1,2A 
Turn-off: Storage time 


Fall time 


ICon = 6A; Ip = 1,2 A; Tj = 100 oC 
Turn-off: Storage time 


Fall time 
Switching times inductive load (Figs 6 and 7) 


Icon =SA IB =z1A 
Turn-off: Storage time 


Fall time 


Icon = 5 A; Ip = 1A; Tj = 100 °C 
Turn-off: Storage time 


Fall time 


0 
_— ate 


<< T 


7Z72202.2 


Fig. 


ts 


tf 
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+50V 
100-2009 


vert. 
oscilloscope 


hor. 
oscilloscope 
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3 Test circuit for VcEQsyst- 
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Vim 
O—|- commeeremeomvenssinaes. fon ff cess 
t 
>| [.te 
<_— [— 


- Fig. 4 Test circuit resistive load. 


t 7Z77499.4 


Fig. 5 Switching times waveforms. 
with resistive load. 


Vcc = 250 V 

Vim =—6to+8V 

t 

F =0,01 

= 

tp = 20 us 

The values of Rp and R, are 
oe site selected in accordance with 
sonaaie ICon and Ip requirements. 


7Z89212.2 


= IB on 


Fig. 6 Switching times waveforms 
with inductive load. 


VecL =300V 
Vcc 30 V 
—-VpE= 5V 
Lp = 14yH 
Lo =200uH 


7Z89211.2 


Fig. 7 Test circuit inductive load. 
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Fig. 11 Typical values d.c. current gain. 
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Fig. 12 Typical values base and collector voltage at Ic¢/Ip 
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Fig. 13 Typ. (——) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 OC. 
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Fig. 14 Typical values base-emitter voltage at Tj = 25 %. 
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Silicon diffused power transistors BUW12 


BUW12A 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies 
from rectangular in a forward converter to sawtooth in a flyback converter. 


Information on nominai base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icpy represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 °C under the following conditions 
(see also Fig. 15): 

— collector current shape Ic4/Icyy = 0,9 

— duty factor tp/T = 0,45 

— rate of rise of Ic during turn-on = 8 A/us 

-~ rate of rise of Vcg during turn-off = 1 kV/us 

— reverse drive voltage during turn-off = 5 V 

— base current shape |p 4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 
100 — Tamb 


~~ K/W. 
Ptot 


Rth mb-a < 


To ensure thermal stability the value of the ambient temperature Tampb > 40 °C. 


Peapecaat 
p TURN-ON TURN-OFF 


<+——_—__ T —_—____» 


7288781 


Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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Fig. 16 Recommended nominal “end” value of the base current (Ipe) and optimum base inductance 
(Lp) at —Vdrive = 5 V versus maximum peak collector current. dig (end) = + 20%. 


For other values of —-Vgrive (3 V to 7 V) the related Lp is: 


(-Varive) + 1 
LBnom ——"g 0 


LBnom is the value given in this graph. 
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Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum 
peak collector current. Tmb = 100 °C; digieng) = + 20%. 
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BUW13A 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a SOT-93 envelope, intended for 
use in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = 0, peak value) VCESM max. 

Collector-emitter voltage (open base) VCEQO max. 

Collector current (d.c.) Ic max. 

Collector current (peak value) ty <2 ms ICM max. 

Total power dissipation up to Tmpb = 25 OC Prot max. 

Collector-emitter saturation voltage . 
Ic=10A;IpB=2 A VCEsat < 1,5 - V 
lc= 8A; IB=1,6A VCEsat < — 1,5 V 

Fall time 
ICon= 8A; IBon = —!Boff = 1,6A tf < 0,8 us 

MECHANICAL DATA Dimensions in mm 

Fig. 1 SOT-93. mae 

Collector connected to 6c: 

mounting base mex 

a a ia 
21 
max 
12,7 
max 
ss | 
2,2max _ 
dimensions within 
this zone are a 13,6 
uncontrolled my 
b c e|, 
+l leog 
| 115 >| ~<a 
| [i] ng 1,6 7275220.3 


See also chapters Mounting instructions and Accessories. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BUW13 | BUW13A 


Collector-emitter voltage (peak value, Vge = 0) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value); tp <2 ms 
Base current (d.c.) 

Base current (peak value): tp <2 ms 

Total power dissipation up to Tmpb = 25 OC 
Storage temperature 


“Junction temperature 
= 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* 


VceE = VCESMmax: VBE = 0 
Vce = VCESMmax: VBE = 0; Tj = 125 °C 


Emitter cut-off current 


Saturation voltages 
Ic=10A;Ip=2 A 


Ic= 8A; Ip=1,6A 


Collector-emitter sustaining voltage 
Ic = 100 mA; Ipofs = 0; L = 25 mH 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors 


CHARACTERISTICS (continued) 
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(Coenen 
min Vce (V) 
VCEOsust 


Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load (Figs 4 and 5) 


Con = 10 A; IBon = —!Botf = 2A 
Turn-on time 


Turn-off: Storage time 
Fall time 


ICon = 8A; IBon = —!Boff = 1,6 A 
Turn-on time 


Turn-off: Storage time 
Fall time 


"Switching times inductive load (Figs 6 and 7) 
ICon = TOA; Ip=2A 
Turn-off: Storage time 


Fall time 


ICon = 10 A; lp =2 A; Tj = 100 OC 
Turn-off: Storage time 


Fall time 


Switching times inductive load (Figs 6 and 7) 
Turn-off: Storage time 


Fall time 


ICon = 8 A; Ip = 1,6 A; Tj = 100 oC 
Turn-off: Storage time 


Fall time 


BUW13 
BUW13A 


+50 V 
100-200 


vert. 
oscilloscope 


Vim— 


hor. 
oscilloscope 


1Q 


0 
7 he ty 
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Fig. 3 Test circuit for VcEQsust- 
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ton < | 
te < 0,8 — US 
ton < — 1 ps 
te < — 08 us 
; typ. 2,3 -- US 
s < 3,0 — ys 
, typ. 80 — ns 
a 150 — ons 
; typ. 2,5 — Us 
s < 3,2 — Us 
j typ. 140 — ns 
a < 300 — ns 
t typ. — 2,3 US 
s a — 3,0 us 
typ. — 80 ns 
or = 150 ns 
; typ. — 2,9 us 
s < — 3,2 ws 
typ. — 140 ns 
Me a 300 ns 
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Fig. 4 Test circuit resistive load. 


t 7Z277499.4 


Fig. 5 Switching times waveforms 
with resistive load. 


7289211.2 


Fig. 7 Test circuit inductive load. 
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iene =—IBion 


Vcc = 250 V 

Vim =-6 to+8V 
he = 20 us 

P =001 

+ 


The values of Rp and Ry, 
are selected in accordance 
with Icon and Ip 
requirements. 


7289212.2 


Fig. 6 Switching times waveforms 
with inductive load. 


VecL =300V 
Vec = 30V 
—VpE= OV 
Lp = 1yH 
Le = 200 wH 
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Fig. 10 Reverse bias SOAR. 
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Fig. 11 Typical values d.c. current gain. 


October 1985 


276 


BUW13 


” 
he 
(2) 
~ 
— 
a” 
c 
ie 
pa 
-_ 
hn 
® 
s 
o 
2. 
To 
® 
nn 
=) 
= 
tT 
c 
ie) 
= 
a 


BUW13A 


7282945 


“ie 
N ELL 


Se ot Ge! 
SR BEREERRES SE BESS 


CCC 
SA 


Fig. 12 Typical values base and collector voltage at Ic/lp 
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——) and maximum (— — —) values saturation voltage. Tj = 25 °C. 
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Fig. 14 Typical values base-emitter voltage at Tj 
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Silicon diffused power transistors BUW13 
BUW13A 


APPLICATION INFORMATION 


Important design factors of SMPS circuits are the maximum power losses, heatsink requirements and 
base drive conditions of the switching transistor. The power losses are very dependent on the operating 
frequency, the maximum collector current amplitude and shape. 


The operating frequency is mostly set between 15 and 50 kHz. The collector current shape varies from 
rectangular in a forward converter to sawtooth in a flyback converter. 


Information on nominal base drive, optimum base inductance and maximum transistor dissipation 
applied in a forward converter is given in Figs 15, 16 and 17. In these figures Icjy represents the 
maximum repetitive peak collector current, which occurs during overload. The information is derived 
from limit-case transistors at a mounting base temperature of 100 OC under the following conditions 
(see also Fig. 15): 

— collector current shape !¢4/Icyy = 0,9 

duty factor tp/T = 0,45 

rate of rise of 1¢ during turn-on =10 A/us 

rate of rise of Vcg during turn-off = 1 kV/ys 

reverse drive voltage during turn-off = 5 V 

— base current shape Ip4/Ipe = 1,5 


The required thermal resistance of the heatsink can be calculated from 


| 100 — Tamb 
Rth mb-a <<——s——— K/W 
Ptot 


To ensure thermal stability the value of the ambient temperature Tamb > 40 OC. 


<—— t_ — > 
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<+____ J —___» 


TURN-ON TURN-OFF 
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Fig. 15 Relevant waveforms of the switching transistor in a forward SMPS. 
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Fig. 16 Recommended nominal ‘‘end’”’ value of the base current (Ipe) and optimum base inductance 
(Lg) at —Vgrive = 5 V versus maximum peak collector current. dIp(enq) = + 20%. 
For other values of —Vqrjyve (3 V to 7 V) the related Lp is: 


(—V drive) + 1 
LBnom — 


LE Bnom is the value given in this graph. 


Prot 
(W) 


aaa 


TR 
CONC 
CONE NCCE) 
FENN 
COPRESS 


Fig. 17 Maximum transistor dissipation under worse-case operating condition versus maximum peak 
collector current. Tmp = 100 °C; dig(end) = + 20%. 
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BUW84 
BUW85 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in SOT-82 envelopes, intended for use 
in converters, inverters, switching regulators, motor contro! systems and switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpE = 0, peak value) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 


Collector current (peak value) 
tp = 2ms 
Total power dissipation up to Tmp = 45 OC 
Collector-emitter saturation voltage 
Ic=1A;Ip=0,2A 
Fall time 


MECHANICAL DATA 
Fig. 1 SOT-82. 


Collector connected 4 
to mounting base. 


BUW84 |BUW85 


VCESM max 

VCEQ max 

Ic max. 
Icm max. 
Prot max. 
VCEsat < 

tf typ. 


b 
2 |. ESGrEO) 


(1) Within this region the cross-section of the leads is uncontrolled. 


See also chapters Mounting Instructions and Accessories. 


3 A 
50 W 
1 V 
0,4 ys 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (Vere =O, peak value) VCESM 


_Collector-emitter voltage (open base) VCEO 
Emitter-base voltage (open collector) VE BO 
Collector current (d.c.) | B Be ae 

Collector current (peak value) | 

tp = 2 ms , lem 
Base current (d.c.) Ip 
Base current (peak value) | IBM 
Reverse base current (peak value) * —Ipu 
Total power dissipation up to Tmb = 45 °C Prot 
Storage tamperature | Tstg 
Junction temperature . . Tj 


THERMAL RESISTANCE 

From junction to mounting base | . ——- Rthj-mb 
From junction to ambient in free air _. Rthj-a 
CHARACTERISTICS © 


Tj = 25 OC unless otherwise specified 


Collector cut-off current * * 


VcCEM = VCESMmax: VBE = 9 : ICES 

VcCEM = VCESMmax: VBE = 0; Tj = 125 OC . ICES © 
D.C. current gain | 

Ic=0,1A;VcE=5V | hFE 


* Turn-off. current. j 
** Measured with a half sine-wave voltae (curve tracer). 
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BUW84 
max. 800 
max. 400 
max. 5 
max. 2 
max. 3 
max 0,75 
max. 1 
max. 1 
max. — 50 

—65 to +150 © 
max. 150 

2,1 
100 
< 200 
< 1,5 


_ typ. 50 


LA 
mA 


Silicon diffused power transistors BUW84 


BUW85 
CHARACTERISTICS (continued) 
Tj = 25 °C unless otherwise specified 
Emitter cut-off current 
Ic =0;VeRp=5V lEBO — 1 mA 
Saturation voltages 
Ic =0,3 A; Ip =30 mA VoeEsat < 0,8 V 
Ic= 1A; Ip=0,2A VCEsat < 1 V 
Ic= 1A;Ip=0,2A VBEsat < 1,1 V 
Collector-emitter sustaining voltage BUW84 | BUW85 
Ic = 100 mA; IBorf¢ = 0; L = 25 mH VCEOsust> 400 450 V 
7Z75254 
250 
200 
I¢ 
(mA) 
100 
0 
min Veg (V) 


VcEOsust 


Fig. 2 Oscilloscope display for sustaining voltage. 
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100-200. 


oscilloscope 


vert. 


30-60Hz 
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Fig. 3 Test circuit for VCEQsust- 
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CHARACTERISTICS (continued) 
Tj = 25 °C unless otherwise specified 


Transition frequency at f = 1 MHz 


Ic = 0,2 A; Vce =10V 
Switching times 


Icon= 1A: Vee = 250 V 
IBon = 0,2 A; —|Boff =O4A 


Turn-on time 


Turn-off: Storage time 


Fall time 


Fall time, Tmp = 95 OC 


+25V 
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Fig. 4 Waveforms. 


Fig. 5 Test circuit. 


fr typ. 20 MHz 


‘ typ. 0,2 us 
on < 0,5 us 
‘ typ 2 ps 
s < 3,5 us 


+ 
+5100 Vcc 
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Fig. 6 Safe Operating ARea at Trp < 25 OC of BUW84. 


| Region of permissible d.c. operation 

11 Permissible extension for repetitive pulse operation 

Ill Area of permissible operation during turn-on in single transistor 
converters, provided Reg < 100 2 and to S < 0,6 us 

IV Repetitive pulse operation in this region is permissible, 
provided Vgge <0 and ty <2 ms 


(2) Second-breakdown limits (independent of temperature). 
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Fig. 7 Safe Operating ARea at Tryp < 25 °C of BUW85. 


| Region of permissible d.c. operation 

I! Permissible extension for repetitive pulse operation 

Hf Area of permissible operation during turn-on in single transistor 
converters, provided Ref < 100 © and tp < 0,6 ps 

IV Repetitive pulse operation in this region is permissible, 
provided VgE <0 and tp <2 ms 


(1) Prot max line. 
(2) Second-breakdown limits (independent of temperature). 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUX46 | BUX46A 


Collector-emitter voltage (Veg = 2,5 V) VCEX max. V 
Collector-emitter voltage (Raf < 10 2) VCER max. V 
Collector-emitter voltage (open base) VCEQ max. V 
Collector current (d.c.) Ic max. A 
Collector current (peak value) typ < 2 ms ICM max. s) A 
Total power dissipation up to Tp = 25 PC Prot max. 85 W 
Collector-emitter saturation voltage 

Ilc=2,5 A; lp =0,5A VCEsat < 1,5 V 
Fall time (resistive load) 

Icon = 2,5 A; IBon = —! Bott = 9,5 A t¢ < 0,8 ys 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-3. 
Collector connected to case. 


+—— 26,6 max ——— 


<< 
7269700: 11,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 
BUX46 | BUX46A 


Collector-emitter voltage (Vep = 2,5 V) 
Collector-emitter voltage (Rafe < 10 Q) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value) ty < 2 ms 
Base current (d.c.) 

Base current (peak value); ty <2 ms 

Total power dissipation up to Tp = 25 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 
Collector cut-off current * 
Vce = VCERmax’ Rpe S 10 
Voce = VCERmax: Ree S10 2; Tj = 125 °C 
Emitter cut-off current 
Ic =90; Vep=5V 
Saturation voltages 
Ic=3,5A;|p=0,7A 
lc=2,5A;Ip=0,5A 


Collector-emitter sustaining voltage 
I¢ = 200 mA; Ip = 0; L= 25 mH 
Collector-emitter cut-off current 
Vce = VCEXmax: VBE = 2,5 V 
Voce = VCEXmax: VBE = —2,5 V; Tj = 125 °C 
Emitter-base breakdown voltage 
Ic=O;lp=O0,5A 
Second breakdown collector current 
VceE = 70 V; t= 1 sec. 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors BUX46 
BUX46A 


CHARACTERISTICS (continued) 


7284328 


oscilloscope 


vert. 


30-60Hz °Y 
min V (V) 7262283 
VCEOsust ee 
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEQOsust- 
Switching times resistive load (Figs 4 and 5) 
ICon = 2,5 A; |Bon = —!Boff = 0,5 A ip ore 
Turn-on time ton 2 gis 
-off: ; typ 1,5 ms 
Turn-off: Storage time ty c 3 us 
: typ 0,5 us 
Fall time tt c 0.8 us 
Switching times inductive load (Figs 6 and 7) 
ICon = 2,5 A; |p=0,5A 
Fall time te typ. 0,2 us 


January 1982 293 


BUX46 


BUX46A 
Vcc = 250 V 
Vim =—6 to+8V 
t 
P =001 
r 
tp = 20 us 


7289210 


Fig. 4 Test circuit resistive load. 
The values of Rp and Ry are selected i in accordance with Icon and Ip requirements. 
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Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 
VGC 


Vcc = 300 V 
—VEB 5V 


T.U.T. 


7Z89211.1 
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Fig. 7 Test circuit inductive load. Lc = 1 mH; Lp =3 wH. 


294 October 1985 


BUX46 
BUX46A | 


i“) 
tn 
© 
~~ 
sd 
” 
c 
ise) 
= 
~ 
h 
@® 
= 
oe) 
2. 
xo) 
® 
” 
a 
{hen 
— 
To 
c 
° 
2 
a 


7288305 


Cae aaa ai (nse cecal 1 asi 7 ae Oe 
eee 


= ses aa Oe oh Naat a a ae 
op poh — SSS FS 


Se et] | Art A 


eaaee rele te 
ee 


| eRe) 
B so vv 
TLE x x 

a) 


er ot Ol 


Cimen 3". eR ll Se ba Geos 1 ee ee (ee 
P| A cite eS A eee 1 ee ee ee 


LLM it CHET ME MTT, 


as 


KATE 
\A4- 


: 


lCMmax 
lCma 
107! 
ae 


102 


Fig. 8 Safe Operating ARea at Tmp < 60 °C. 


(1) Prot max and Ptot peak Max. lines. 


(2) Second-breakdown limits. 


Region of permissible d.c. operation. 


Permissible extension for repetitive pulse operation. 
It Area of permissible operation during turn-on in single transistor 


100 Q2 and ty < 0,6 us. 


IV Repetitive pulse operation in this region is permissible, 


< 


converters, provided RpfF 


provided Vge <0 and tp <2 ms. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


BUX47 | BUX47A 


Collector-emitter voltage (VER = 2,5 V) VCEX max. V 
Collector-emitter voltage (Raf < 10 £2) VCER max. V 
Collector-emitter voltage (open base) VCEQ = max. V 
Collector current (d.c.) Ic max. 9 A 
Collector current (peak value) tp <5 ms _ ICM max. 15 A 
Total power dissipation up to Tmp = 25 PC Ptot max. 125 Ww 
Collector-emitter saturation voltage 
Ic=6A;lp=al12A VCEsat < 1,5 _ V 
IcC=5A;Ip=1A VCEsat ~< — 15 V 
Fall time (resistive load) 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 


Collector connected to case. 


+ 26,6 max ———_> 
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7269700. "1,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (Vep = 2,5 V) 
Collector-emitter voltage (RpfF < 10 2) 
Collector-emitter voltage (open base). 
Collector current (d.c.) | 
Collector current (peak value); ty <5ms 
Base current (d.c.) 

Base current (peak value); tp < Sms 

Total power dissipation up to Timp = 25 OC 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS | 
Tj = 25 °C unless otherwise specified 


Collector cut-off current* 
Voce = VCERmax: Ree < 10 & 


VceE = VCERmax: Rpg < 10 2; Tj = 125°C 


Emitter cut-off current 
lc =0;Vep =5 V 
Saturation voltages 
Ic=6A; IRB =1,2A 
Ic=9A;Ip=1,8A 
Ic=5A;lIp=1 A 
Ic=8A;Ip=1,6A 
Ic=6A Ip=12A 
Ic=5A;Ip=z1 A 
Collector-emitter sustaining voltage 
Ic = 200 mA; Ip = 0; L= 25 mH 
Emitter-base breakdown voltage 
Ic=O;lp=0,5A 
Collector cut-off current 
VcE = VCEXmax: VBE = —2,5 V 


Voce = VCEXmax: VBE = —2,5 V; Tj = 125°C 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistors BUX47 
BUX47A 


CHARACTERISTICS (continued) 


7284328 


oscilloscope 


vert. 


30-60Hz °Y 
min V (V) 7262283 
E 
VCEOsust : 
Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEQsust-: 
Switching times resistive load (Figs 4 and 5) 
BUX47A: Icon = 5 A; IBon = —!poff=1A 
: typ. 0,6 us 
Turn-on time ton < 10: us 
. : typ. 2,8 US 
Turn-off: Storage time ts c 3.0 ps 
typ. 0,45 us 
Fall 
all time tr 2 0.8 us 
Switching times inductive load (Figs 6 and 7) 
BUX47: Icon =6 A; 1B =1,2A 
BUX47A: Icon =5A; IB =zIA 
Turn-off: Storage time ts typ. | 2,5 us 
Storage time; Tj = 100 °C ts = 4 us 
Fall time tf typ. 80 ns 
Fall time; Tj = 100 °C te = 400 ns 
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BUX47A 


Vac = 250 V 
Vim=-6 to+8V 
t 

P =001 

T 


tp = 20 us 


7289210 


Fig. 4 Test circuit resistive load. 
The values of Rp and R,_ are selected in accordance with Icon and Ip requirements. 
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Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
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Fig. 7 Test circuit inductive load. Lc = 1,5 mH; Lp = 3 wH. 
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Fig. 8 Safe Operating ARea at Trp < 25 OC. 


Permissible extension for repetitive pulse operation. 
I! Area of permissible operation during turn-on in single transistor 


1) Prot max 4d Ptot peak max ines. 
Region of permissible d.c. operation. 


2) Second-breakdown limits. 


eer eee ee 


converters, provided Reg < 100 22 and ty < 0,6 us. 
IV Repetitive pulse operation in this region is permissible, 


provided Vge <O and th <2 ms. 
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Fig. 10 Typical values base and collector voltage at Ic¢/Ip 
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Fig. 11 Typ. (——) and max. (— — —) values collector-emitter saturation voltage at Tj = 25 °C. 
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Fig. 12 Typical values base-emitter voltage at Tj 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage (peak value; Vge = 0) VCESM Max. 
Collector-emitter voltage (open base} VCEQ = max. 
Collector current (d.c.} Ic max. 
Collector current (peak value; ty <2 ms) IcmM max. 
Total power dissipation up to Tmph = 25 OC Prot max. 
Collector-emitter saturation voltage 
Ic=10A;lIp=2A VCEsat < 1,5 _ V 
Ic= BSA; Ip=1EA VCEsat < — 15 V 
Fall time (resistive load) 
Icon = 10 A; IBon= —lBotf = 2A te <a 800 — ns 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 


Coilector connected to case. 


4——-— 26.6 max ore, = 2,5 


7Z69700.1 11,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (peak value; Vee = 0) 
Collector-emitter voltage (peak value; Vpr = ~—2,5 V) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Total power dissipation up to Tryp = 25 PC 
Storage temperature 

Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 


CHARACTERISTICS 
T= 25 OC unless otherwise specified 


Collector-emitter current 

Vce = Vcex: Ree S102; 

Vce = Vcex: Ree S 10Q; LF = 125°C 
Collector-emitter current 

Vce = Vcex: VBE = —2,5 V 

Voce = Vcex: VBE = —2,5 V; Tj = 125 °C 
Emitter cut-off current 

Ic =0;Vep=5V 
Saturation voltages 

Ic=10A;Ip=2A 


Ic=8A;Ip=1,6A 


IcC=15A;Ip=3A 
Ic=12A;Ip=24A 


Collector-emitter sustaining voltage 
Ic = 200 mA; I pote = 0; L = 25 mH 


Emitter-base breakdown voltage 
lc = 0; |p = 50 mA; 


* Measured with a half sine-wave voltage (curve tracer). 
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VCESM max. 
VCEX max. 


VCEO max. 
Ic max. 
ICM max. 
Ip max. 
IBM max. 
Prot max. 
T stg 

qj max. 
Rthj-mb = 
ICER < 
ICER < 
ICEX < 
ICEX < 
lEBO < 
VCcEsat “< 
VBEsat < 
VCEsat < 
VBEsat < 
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VCEOsust > 
V(BR)EBO 
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Silicon diffused power transistors BUX48 


BUX48A 


CHARACTERISTICS (continued) 


7284328 


oscilloscope 


vert. 


7262283 


min V (V) 
VcEOsust we 


Fig. 2 Oscilloscope display for sustaining voltage. Fig. 3 Test circuit for VcEQsust- 


Switching times resistive load (Fig. 4 and 5) 
ICon = 10 A; IBon = —!Boff=2A 


Turn-on time ton < US 

Turn-off: Storage time ts < ps 
Fall time tf < us 

ICon = 8 A; IBon = —!Bott = 16 A 

Turn-on time ton = ps 

Turn-off: Storage time ts < US 
Fall time tf < Us 

Switching times inductive load (Fig. 6 and 7) 

ICon = 10 A; IBon = 2 A; Tmb = 25 OC 

Turn-off: Storage time ts typ. Us 
Fall time te typ. ns 

Turn-off: Storage time ts < Us 
Fall time tf < US 

Turn-off: Storage time ts typ. Us 
Fall time te typ. ns 

Turn-off: Storage time ts < us 
Fall time tt < ys 
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Vec= 150 V 
Vim=—6 to+8V 
ae 
P =001 
= 
tp = 20 us 


7289210 
Fig. 4 Test circuit resistive load. 
The values of Rg and Ry are selected in accordance with Ico, and Ip requirements. 
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Vec= 300 V 
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Fig. 7 Test circuit inductive load. 
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Silicon diffused power transistors BUX48 
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BUX48 
BUX48A 


Fig. 9 Forward bias safe operation area, qj < 125 9C. lo 

| Safe operation area during turn-off and during (A) 
turn-on. 
For BUX48A the right-hand limit is 450 V. 

1! Safe operation are during turn-on only provided 10 
tr < 0,2 us. 


Safe operation area during turn-on only provided © 
t, < 0,5 us and Reg <100 22. 
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Fig. 10 Forward bias accidental overload area, 

Tj < 125 OC. 

| Safe operation provided normal forward bias 
conditions are respected (Is/g, Tj max)- 


Safe operation area for non-repetitive pulses. 
During component life the number of pulses 
in area Il should not exceed 3000 times. 
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Silicon diffused power transistors BUX48 


BUX48A 


Fig. 11 Reverse bias safe operation area, 

ICend/!Bend 2 5; —VBE =3 V. 

|! Normal reverse bias safe operation area, 
Vee <OV. 

Il Extension of the reverse bias safe operation 
area provided a desaturation network (Baker 
clamp) is used. 
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Fig. 12 Reverse bias accidental overload area, 

—Vpe=3V; Le < 125 °C. 

| Operation at high currents (Ic > Icey) is 
permitted, provided the pulses are non repeti- 
tive and Ver <0. 

1! This area may be entered only through the 
broken line. Crossing the continuous line is 
not permitted. 


During component life the number of surge pulses 
in area | and I! should not exceed 3000 times. 
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Fig. 13 Typical values d.c. current gain. 
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Fig. 14 Typical values base and collector voltage at Ic¢/Ip 
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Fig. 15 Typical (——) and maximum (— — —) values saturation voltage. Tj = 25 °C. 
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Fig. 16 Typical values base-emitter voltage at qj = 25 °C. 
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Fig. 17 Minimum base current to saturate the Fig. 18 Typical values collector-emitter voltage 
transistor as a function of the collector current. as a function of the base-emitter resistance. 
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Fig. 19 Typical values switching times resistive Fig. 20 Increase of switching times as a function 
circuits as a function of collector current. of temperature. To read in connection with Fig. 19. 
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Fig. 21 Typical values switching times 
inductive circuits as a function of collector 
current. 
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dV/dt (V) 


Fig. 23 Typical values fall time as a function 
of dVcE/dt at Tryp = 25 OC and Ic = 10A. 
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Fig. 22 Increase of storage and fall times 
to read in connection with Fig. 21 as a function 
of junction temperature. 


Fig. 24 Base-emitter voltage as a function of 
collector current at Veg = 1,5 V; Tmpb = 25 OC 
and 90% confidence. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed’ switching n-p-n power transistors in TO-3 envelopes, intended 
for use in converters, inverters, switching regulators and motor control systems. 


QUICK REFERENCE DATA 


BUX80 | BUX 81 


Collector-emitter voltage (Vpp = 0, peak value) Vopsy max. 
Collector-emitter voltage (RBE = 50 9) VcER max. 


Collector-emitter voltage (open base) VCEQ max. 


Collector current (d.c.) Ic max. 


Collector current (peak value) 


tp =2 ms ICM max. 15 A 
Total power dissipation up to Tmph = 40 °C Prot max. 100 
Collector-emitter saturation voltage 

Ic =SA;Ip=l1A VcEsat < 1,5 V 
Fall time 

ICon = 9 A; IBon = 1A; -IBoff = 2A tf typ. 0,3 US 

MECHANICAL DATA Dimensions in mm 
TO-3 


Collector connected to case 


<+— 26,6 max ——_-> 


10,9—> 


7Z69700.1 11,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUX 80 | BUX 81 


Collector-emitter voltage 


(Vpp = 0, peak value) VCESM max. 1000 V 


Collector-emitter voltage 


(RpRE = 50 2) VCER max. 500 V 
Collector-emitter voltage (open base) VCEO max. 450 V 
Collector current (d.c.) lo max. 10 A 
Collector current (peak value) 

tp = 2 ms lom max. 15 in 
Base current (d.c. ) Ip max. 4 A 
Base current (peak value) Ipm max. 6 A 
Reverse base current (d.c. or average 

over any 20 ms period) -IB(Av) max. 100 mA 
Reverse base current (peak value) 1 -Ipm max. 6 A 

- Total power dissipation up to Tmp = 40 °C Prot max. 100 W 
Storage temperature T stg -65 to +150 0¢ 
Junction temperature Tj max. 150 OC 
THERMAL RESISTANCE 
From junction to mounting base Reh j-mb = 1,1 K/W 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 2) 

VcEM = YcEsMmax' VBE = 9 ICES = l mA 

O 
VCEM = VCESMmax? VBE = 0; a 125 C logs < 3 mA 


D.C. current gain 


Io = 12A;Vop=5V hee typ. 30 


1) Turn-off current. 


2) Measured with a half sine wave voltage (curve tracer). 
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BUX80 


BU X81 
CHARACTERISTICS (continued) Tj =25 °C unless otherwise specified 
Emitter cut-off current 
Ic = (); VEB Sul: ¥ IF po < 10 mA 
Saturation voltages 
Ic =SA;Ip=1lA VCEsat < Loo V 
VBE sat = 1,4 V 
Ic = 8A; Ip a an a A VCEsat < 3 V 
VBE sat 5 1,8 V 
Collector-emitter sustaining voltages BUX 80 | BUX81 
Ic = 100 mA; Ipofg = 0; L = 25 mH VcEOsust 7 400 450 V 
I¢ = 100 mA; RpE = 502; L = 15 mH VCERsust > 500 | 500 V 
7272203 
min min Vce (Vv) 
VeEOsust VcERsust 
Oscilloscope display for sustaining voltages 
+50V 
+50V 
100-2000 
L 
hor. 
oscilloscope oscilloscope 
vert. 


vert. 


~ N 
30-G0Hz °V 30 - 60Hz 
7Z62283 7272304 
Test circuit for Vorosust Test circuit for VcERsust 
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CHARACTERISTICS (continued) T {= 25 °C unless otherwise specified 
Transition frequency at f = 1 MHz 


Io = 0,2 A; Vag = 10V fr typ. 6 MHz 


Switching times 


Icon = 5 A; Voc = 250 V 
IBon = 1 A; ~Ipote = 2 A 


Turn-on time ton typ. 0,35 us 


< 0,5 4s 
Turn-off: Storage time ts oie = : 
Fall time t¢ typ. 0,3 us 
Fall time, Tymp = 95 °C te < 0,8 us 
t,-<30ns 7272640 
Waveform 
+25V 
Test circuit BD226 
‘@ 2g] cL 680 
o HF [ 500 
4100 Vc 
HF 250V 


VIM 


7 7272198 «4 
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Safe Operating ARea 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulse operation 


lil Area of permissible operation during turn-on in single-transistor 
converters, provided Rpg = 100 82 and tp = 0,6 ps 


IV Repetitive pulse operation in this region is permissible, 
provided Vpr = 0 and ty = 2 ms 


Pen ered 


‘) Prot max and Pocak max lines. 


2) Second-breakdown limits (independent of temperature). 
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Safe Operating ARea 
I Region of permissible d.c. operation 


Il Permissible extension for repetitive pulse operation 


Ill Area of permissible operation during turn-on in single-transistor 


converters, provided Rpg = 100 92 and ty <0, 6 ps 


IV Repetitive pulse operation in this region is permissible, 
provided Vpr = 0 and ty = 2 ms 


) Prot max and P peak max lines. 


2) Second-breakdown limits (independent of temperature). 
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APPLICATION INFORMATION ON BUX80 (detailed information on request) 

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains 
isolation the duty factor of the collector current generally varies between 0,25 and 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

As the BUX80 will mainly be used in forward or push-pull converters the information on optimum 
base drive and device dissipation given in the graphs on page 12 is concentrated on this application. 

In these figures Icjq represents the highest repetitive peak collector current that can occur in the given 
circuit, e.g. during overload. 

The total power dissipation for a limit-case transistor is given in Fig. 5 which applies for a mounting 
base temperature of 100 OC. The required thermal resistance for the heatsink can be calculated from 


100—Tamb max 


Prot 
To ensure thermal stability the minimum value of Tamp in the above equation is 40 °C. 


Rth mb-a = 


A practical SMPS output circuit for an output power in the order of 400 W is given in Fig. 2. 


At a collector current of 5 A and a base current of 1 A in this circuit the following turn-off times can 
be expected. 


Storage time ts 
Fall time tf 


; * 
CE VCE (t1) 
+-—_-__» 
ty = 0,5 US 


7277362 


Fig. 1 Relevant waveforms of switching transistor. 
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Silicon diffused power transistors 
BUX81 


i) BD434 
JUL US 
T=50 us 33 a3 Q 
§ =0,33 Ae 
©) 
Lp = 3 UH 
330 fis ‘@ 
Q2 UN 
100 
nF a i 
68 BD433 i 
2 7277361 
‘@ BAV10 ’ 
=. BD433 


Fig. 2 Practical SMPS output circuit. 
T1 (output transformer): Core U64; n1 = n3 = 56 turns; n2 = 17 turns 
T2 (base current transformer): Core U20; n1 = 5 turns; n2 = 25 turns 


VCE(t1) < 300 V (see Fig. 1) 
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Fig. 3 Recommended nominal '’end” value of 
the base current versus maximum peak collec- 
tor current. 


Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 


Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. Solid lines 
for transformer drive and dotted lines for 
collector-coupled current drive. 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed switching n-p-n power transistors in TO-3 envelopes, intended 
for use in converters. inverters, switching regulators and motor control systems. 


QUICK REFERENCE DATA 


BUX82 | BUX83 
Collector-emitter voltage (VBE = 0, peak value) VCESM max. 
Collector-emitter voltage (RB = 100 92) VCER max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (d.c.) Ic max. 


Collector current (peak value) 


tp = 2 ms ICM 
Total power dissipation up to Tmphb = 50 °C Prot 
Collector-emitter saturation voltage 
Ic = 2,5 A;Ip=0,5A VCEsat 
Fall time 
Icon = 2,9 A; Ipon = 0,5 A; -IBogg = 1 A tf 
MECHANICAL DATA Dimensions in mm 
TO-3 


Collector connected to case 


—+— 26,6 max -———_> as 2,5 
4.2 
—'9 
20,3 y 
max SSSR RED EA 1,0 


10,9» - 12,8, 


7Z69700.1 11,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


aa BUX82 | BUX83 
Collector-emitter voltage 


(VBE = 0, peak value) VCESM max. 


Collector-emitter voltage 


(RpE = 100 82) VCER max. 
Collector-emitter voltage (open base) VCEO max. 
Collector current (d.c.) Ic max. 6 A 


Collector current (peak value) 


tp =2 ms ICM max. 8 AO 
Base current (d.c.) Ip max. Z A 
Base current (peak value) IBM max. 3 A 
Reverse base current (d.c. or average | , 

over any 20 ms period) ~Ip(Av) max. 100 mA 
Reverse base current (peak value) 1) ~Ipm max. 3 A 
Total power dissipation up to Tmp = 50 uC Prot max. 60 W 
Storage temperature T stg -65 to +150 eC 
Junction temperature Tj max. 150 eC 
THERMAL RESISTANCE 
From junction to mounting base | Rth j-mb = 1,65 K/W 
CHARACTERISTICS Tj = 25 °C unless otherwise specified 
Collector cut-off current 2) - 

VCEM = VCESMmax: VBE = 0 1 a ICES < 1 mA 

On8 
VCEM = VCESMmax : VBE = 0; Tj = 125 °C Icus =< 2 “ 


D.C. current gain 


Iq =0,6A; VCE =5V hFRE typ. 30 


1) Turn-off current. 


2) Measured with a half sine wave voltage (curve tracer). 
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CHARACTERISTICS (continued) T; = 25 °C unless otherwise specified 
Emitter cut-off current 


Ic = 0; VEp = 10V IpRO ae 10 mA 


Saturation voltages 


Ic =2,5 A; lp=0,5A VCEsat = 1,5 V 
VBE sat = 1,4 v 
Io = 4A;Ip=1,25A VCEsat < 3 V 
VBE sat < 1,6 y 
Collector-emitter sustaining voltages BUX 82 | BUX83 

Ic = 100 mA; Ipoff = 0; L = 25 mH VCEQsust 7 V 
Ic = 100 mA; Rpg = 100 2; L = 15 mH VCERsust 7 V 

7272203 

min min Vce(V) 

VcEOsust VcERsust 

Oscilloscope display for sustaining voltages 

+50V Tooy 
100-2001. 
L. 
hor. 


1000 


oscillosc 
oscilloscope oscope 


t vert. 
vert. 


™N 


30 -60 Hz 


Os 


30-60Hz 


7262283 


6V 


72722021 


Test circuit for VCEOsust Test circuit for VERsust 
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CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 
Transition frequency at f = 1 MHz 


Ic = 0,2 A; VegR=10V | fT typ. 6 MHz 


Switching times 
Icon -_ 2 5 A; Voc =. 250 V: 
IBon = 9,5 A; ~Ipoff = 1A 


typ. 0,3 Ss 
Turn-on time ton eu 0.5 
typ. 2 s 
Turn-off: Storage time ty 3.5 i 
Fall time te typ. 0,3 Us 
Fall time, Typ = 95 °C te < lus 
t-<30 ns 7272640 
Waveform 
| +25V- 
Test circuit . BD226 . 
Fal L680 
\ ha ot |r000 
+ 
B 5100 Vee 
ae yy] 47.0 HF = 250V 
+ is (PrN TUT. 
mm LT ey 
ais a Oe, 
=? 150 
ty a 
Ie 
tp = 20ps | (~ s2(] +1 680 
T Ss 2 ms US UF 
VIM =15 V BD227 


7273191.1 
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Safe Operating ARea 
I Region of permissible d.c. operation 


1] Permissible extension for repetitive pulse operation 


Il] Area of permissible operation during turn-on in single-transistor 


converters, provided Rpf <= 100 8&2 andt, £0,6uUs 


Pp 


IV Repetitive pulse operation in this region is permissible, 


provided VBF = 0 and tp = 2 ms 


6=0.01 7Z72644.4 
Sa! 
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2) Second-breakdown limits (independent of temperature). 
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10-31 
102 10° 
Safe Operating ARea 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulse operation 


III Area of permissible operation during turn-on in single-transistor 
converters, provided Rgp = 100 2 and tp = 0,6yps 


IV Repetitive pulse operation in this region is permissible, 
provided Vpp <= 0 and tp =2 ms 


1) Peot max 22d Ppeak max lines. 


2) Second-breakdown limits (independent of temperature). 
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APPLICATION INFORMATION ON BUX82 (detailed information on request) 


Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains 
isolation the duty factor of the collector current generally varies between 0,25 and 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

Information on optimum base drive and device dissipation of the BUX82 ina flyback converter is 

given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures Inq represents the high- 
est repetitive peak collector current that can occur in the given circuit, e.g. during overload. 

The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which applies for a mount- 
ing base temperature of 100 °C. The required thermal resistance for the heatsink can be calculated from 


100—Tamb max 


Ptot 
To ensure thermal stability the minimum value of Tampb in the above equation is 40 °C. 


Rth mb-a = 


A practical forward converter output circuit for an output power in the order of 200 W is given in 
Fig. 2. 


At a collector current of 2,5 A and a base current of 0,5 A in this circuit the following turn-off times 
can be expected. | . 

Tmb = 25 °C | 100 °C 
Storage time ts typ 1,9 2,/ us 
Fall time , tf typ 0,17 0,7 ps 


} 
Vce YCE (t1) 
225 4 
+» 
ty =O5ys 


7277367 


Fig. 1 Relevant waveforms of switching transistor. 
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+ 290 V 


24V 


7277366 


Fig. 2 Practical forward converter SMPS output circuit. 


T1 (driver transformer): Core U20; n1 = 75 turns; n2 = 20 turns 
T2 (output transformer): Core E55; n1 = n2 = 72 turns; n3 = 19 turns 


VCE(t1) < 300 V (see Fig. 1) 
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Fig. 6 Recommended nominal ‘‘end” value of 


Fig. 7 Minimum required base inductance and 
recommended negative drive voltage versus 


the base current versus maximum peak collec- 
maximum peak collector current. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in TO-220 envelopes, intended for use 
in converters, inverters, switching regulators, motor contro! systems and switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpe = 0, peak value) 
Collector-emitter voltage (open base) 
Collector current (d.c.) 
Collector current (peak value) 
tp = 2ms 
Total power dissipation up to Tmp = 50 °C 
Collector-emitter saturation voltage 
Ic=1A;lp=0,2A 
Fall time 


~ MECHANICAL DATA 


TO-220 <~— max 
Collector connected 
to mounting base 


' Y 
3,5 max 54 
not tinned | max 
2 
13 _,| A 12,7 
3 max min 
(2x) 


elileog max (3x) 


—»> + 
2,54 2,54 


ca 


See also chapters Mounting Instructions and Accessories. 


BUX84 | BUX85 


VCESM max 
VCEO max 
Ic max 
ICM max 
Prot max 
VCEsat < 

tf typ 


Volleco6 
oe ket 2,4 


7Z65872.4 


800 1000 V 
400 450 V 
2 A 

3 A 

40 W 

1 V 
0,4 ps 


Dimensions in mm 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage BUX84 | BUX85 
~ (Vpg = 0, peak value) Vcesm max 800 V 
Collector-emitter voltage (open base) VCEQ = max 400 450 Vv 
Collector current (d.c.) Ic max 2 A 
Collector current (peak value) 
ty =2 ms ICM max 3 A 
Base current (d.c.) Ip max 0,75 A 
Base current (peak value) | IBM max 1 A 
Reverse base current (peak value) * —IpM max 1 A 
Total power dissipation up to Tmp = 50 °C Prot / max 40 W 
Storage temperature . eS . Tstg —65 to +150 ss Oo 
Junction temperature Tj max 150 oC 
THERMAL RESISTANCE , 
From junction to mounting base Rth j-mb = 2,5 K/W 
From junction to ambient in free air Rthj-a = 70 K/W 
CHARACTERISTICS : Tj = 25 °C unless otherwise specified 
Collector cut-off current ** 
VcEM = VCESMmax: VBE = 9 ICES oS 200 HA 
VCEM = VCESMmax: VBE = 90; Tj = 125 °C | Ices < 1,5 mA 


D.C. current gain 
| Ic = 0,1 A; VcE=5V hFe typ 50 


* Turn-off current. : 
** Measured with a half sine-wave voltage (curve tracer). 
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BUX85 
CHARACTERISTICS (continued) T= 25 °C unless otherwise specified 
Emitter cut-off current 
Ic =0; Vep=5V lEBO < 1 mA 
Saturation voltages 
Ic =0,3 A; lp = 30mA VCEsat a 0,8 V 
Ic= 1TA;lp=0,2A VCEsat < 1,0 V 
Ic= 1A; lp=0,2A . VBEsat < 1,1 V 
Collector-emitter sustaining voltage BUX84 | BUX85 
Ic = 100 mA; Ipofe = 0; L = 25 mH VcEOsust > 400 450 V 
7Z75254 
250 
200 
I¢ 
(mA) 
100 
0 
min Veg (V) 
VcEOsust 


Oscilloscope display for sustaining voltage. 


oscilloscope 


vert. 


7Z62283 


Test circuit for VCEQsust- 
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CHARACTERISTICS (continued) . Tj = 25 OC unless otherwise specified 


Transition frequency at f = 1 MHz 
lc =0,2A; Veep = 10V fr typ 20 MHz 


Switching times 
ICon= 1A; Vec = 250 V 


Turn-on time ton ue ne 7: 
Turn-off: Storage time ts >? ae - 
Fall time te typ 0,4 us 
Fall time, Tmpb = 95 °C te < 1,4 us 
t-<30ns 7272640 
Waveform 
foanat +25V : 
Test circuit | BD139 
(ry 200[] ~4680 | |on009 
af 2 uM 
+ 
_ +4100 Vcc 
' Tt | y 100 2 uF -950V 
eee A ) 
IM 
mat | ’ Nha T.U.T. 
—e l= 
| 
v. | 4100 : 
Q ie ip 
tp =20us i =n a 
T = 2ms BD140 
Vim =15V 7275253.1 
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Safe Operating ARea 
| Region of permissible d.c. operation 
I! Permissible extension for repetitive pulse operation 


111 Area of permissible operation during turn-on in single transistor 
converters, provided Reg < 100 2 and ty < 0,6 us 


IV Repetitive pulse operation in this region is permissible, 
provided Vge <0 and tp <2 ms 


Notes 


2. Second-breakdown limits (independent of temperature). 
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Safe Operating ARea 
! Region of permissible d.c. operation 
Il Permissibie extension for repetitive pulse operation 


111 Area of permissible operation during turn-on in single transistor 
converters, provided Rear < 100 Q and ty < 0,6 us 


IV Repetitive pulse operation in this region is permissible, 
provided Vge <O and tp <2 ms 


Notes 


2. Second-breakdown limits (independent of temperature). 


350 March 1977 


351 


wt ) eed GEE GEES OS OS ee eee 2s 
CO € © ee 
< x< s a 
~_) ~) i Tit yt tT ‘tit t | | [| TTT tt | [|] fe He 
M N Nie Heo i ee o 
MU TTT TE TTT TT ce] 
a 
isso Ss Sees tose eee eS < 
TCC 
REECE WEEE WEEE 
2 Seer eRe A Vs EE SD A = 
: clea eS 
zaees PTT OTT TOTO ETT: TOT TOOLIECLEL.L-—oxE=-~ T 
SUR ee LL | ee Le eee eee 
Rea 000 || ee 
Zee ee 
nee MLE ATTEN TET 
eas pA ee 
Agee TITTLE LE L_LLULLMMI-EUELLLLLLLOL_LL-_-_—OLLE--_-_ EEL ELL e—-—O_ 
aaa 
eee TEE EEA oT 
aoe. HT TE TAA TE TTT 
Senne PLETE UIT ETT 
hose tee ssi s=2= SS 
RaReeE Pe a 
Oo z oO oO mir tty TTT TT TTT AA AL [hUTTTT TTT | 
S 5 re moe LCN Le 
os Le 
a PEE TE TEE Eds 
ical SSS SS so © 
| ™ 


ese 
saan 
iyi ft Y 
tia 
ritid i | | | TE \AW G88 — 
itcremiiitanay LC Ba R4s 8 SWS & 
HET | TT l~f eo sje joe Wiese = 


ee (| |e. 


Om 
a 
a 
atl 
B 
‘i 
Ld 
ad 
Z 
a 
a 
sit 


107! 
Lee 


” 
den 
Oo 
~ 
i< 
” 
¢ 
ae) 
tee 
ro 
=) 
® 
s 
o 
2. 
Tb 
® 
nA 
= 
ue 
= 
TG 
Cc 
e) 
— 
rr 


BUX84 
BUX85 


7Z 77044.1 


S.B. current mene factor at the VCEOQmax level eee 


A 
ee ae ee ee ARIAT { 
Seeiinteeee iti 


a 


Samer Wt a a Sal 2 a a? ss io eB 
fo’ 2 ae eee ae te ee 
ey, ya ae | 
HA 

ATT 


| | 
tat 


et 


28 


1 | 


are 
ty (ms) 


“10 


i 
io™ 


10° 2 


_7271043 4 


tt 


102 
a. ater 


10. 


oo 


1 2 " 


1072 


14 


August 1977 


352 


BUX84 
BUX85 


”n 
‘= 
° 
~~ 
Dp 
” 
c 
& 
tee 
~ 
= 
® 
S 
0 
jos 
xe) 
feb) 
”n 
= 
— 
= 
TS 
¢ 
© 
< 
w 


7277045 .1 


108 ee ey 
Ee eee tO 0 


A 
a 


H 
a 
im 


d 
a 
a 
a 
a 
aa 
Sa 
& 
ia 
i 


Re a el eee ee ee) ee a ee 
tt 


my ft TT 


| | 


fh a a Sy, £4 Sek Se 


7277039 


@ 


Io (mA) 


| August 1977 353 


3504 


BUX84 
BUX85 


7277037 
typ. values 
T,=25 °C 


lize esi 
eda dea 


Bees Liem 


Liz ee ee 
alice al 
EReERI 
Lee 


KNEE 
SSeS 
| MAT 
Pt Ty 


Se 
mee 
BER\i 
ee \t 
Pt tt MWA 
eae 


Bee 
wie 


lp (mA) 


Fig. 14 Typical values saturation voltage, Tj = 25 OC. 
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APPLICATION INFORMATION ON BUX84 (detailed information on request) 


Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. |n most SMPS circuits with 
mains isolation the duty factor of the collector current generally varies between 0,25 and 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

Information on optimum base drive and device dissipation of the BUX84 in a flyback converter is 
given in Figs 3 to 5. Figs 6 to 8 apply to a forward converter. In these figures Icpy represents the high- 
est repetitive peak collector current that can occur in the given circuit, e.g. during overload. 


The total power dissipation for a limit-case transistor is given in Figs 5 and 8 which apply for a mounting 
base temperature of 100 °C. The required thermal resistance for the heatsink can be calculated from 


100—Tamb max 


Prot 
To ensure thermal stability the minimum value of Tamp in the above equation is 40 °C. 


Rth mb-a = 


A practical SMPS output circuit for an output power in the order of 50 W is given in Fig. 2. 


At acollector current of 0,7 A and a base current of 70 mA in this circuit the following turn-off times 
can be expected. 


Storage time 
Fall time 


VBE | — 
7274469.2 


Fig. 1 Relevant waveforms of switching transistor. 
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Fig. 2 Practical SMPS output circuit. 


T1 (driver transformer): Core U15; n1 = 360 turns; n2 = 60 turns 
total inductance in base circuit ~ 15 wH 


T2 (output transformer): Core E55; primary inductance Ly = 16 mH 
n1 = 116 turns; n2 = 12 turns 


VCE(t1) <300 V (see Fig. 1) 
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Fig. 3 Recommended nominal. end” value of 
the base current versus maximum peak collec- 
tor current in a flyback converter. 

Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 

} Fig. 5 Maximum total power dissipation of a 
Ne A limit-case transistor if the base current is 


ANA chosen in accordance with Fig. 3. Solid lines 
Bia 4 
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Fig. 6 Recommended nominal ‘’end”’ value of 
the base current versus maximum peak collec- 
tor current in a forward converter. 


Fig. 7 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 


Fig. 8 Maximum total power dissipation of a 


limit-case transistor if the base current is 
chosen in accordance with Fig. 6. 


DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistor in a SOT-186 envelope with an 
electrically isolated seating plane. The device is intended for use in converters, inverters, switching 


regulators, motor control systems, etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage 
open base 
Vee = 0, peak value 


Collector saturation current 


Collector current 
d.c. 
peak value 


Total power dissipation up to Th = 25 °C 


Collector-emitter saturation voltage 
Ic=1A;lp=0,2A 


Fall time 
ICon = 4 A; IBon = 0,2 A; 
IBoff = 0,4 A 


BUX84F 


VCEsat 


400 
800 


BUX85F 
450 V 
1000 V 
1 A 
2 A 
3 A 
18 Ww 
1,0 V 
0,4 ys 


es tyre cera ner eee —erenrvaenntrsenenenaananettieiniantute tients rn I RR NE RANE I 


MECHANICAL DATA 
See Fig. 1. 


September 1985 


359 


BUX84F 


BUX85F 
MECHANICAL DATA Dimensions in mm 
Fig. 1 SOT-186 (TO-220F). 
| 10,2 max—> 
5,7 max|<— 
3,2 


2 
1 
3 
3,5 max 
not tinned — 
\ t 


Seating plane is electrically 
isolated from all terminals. 


Is 0,55 max 


| l-1,3 


ra eo 7295293 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


BUX84F BUX85F 


Collector-emitter voltage 


open base | VCEO max. 400 450 V 

VBE =0; peak value — VCESM max. 800 1000 V 
Collector current, d.c. Ic max. 2 A 
Collector current, peak value ICM max. 3 A 
Base current, d.c. ip max. 0,75 A 

peak value IBM max. 1 A 
Total power dissipation 

up to Th = 25 OC (note 1) Ptot max. 18 W 
Storage temperature Tstg —65 to +150 °C 
Junction temperature Tj max. 150 oc 
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THERMAL RESISTANCE 


BUX84F | BUX85F 


From junction to internal heatsink Rth j-ih 2,2 K/W 
From junction to external heatsink (note 1) Rth j-h 7,2 K/W 
From junction to external heatsink (note 2) Rth j-h 47 K/W 
From junction to ambient Rth j-a 55 K/W 
INSULATION 
Voltage allowed between all terminals 

and external heatsink, peak value Vinsul max. 1500 V 


Insulation capacitance between 
collector and external heatsink Ce-h typ. 12 pF 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off currents 


VCE = VCESmax: VBE = 9 , max. 0,2 mA 
VceE = VCESmax: VBE = 0; Tj = 125 OC CES max. 1,5 mA 
= Emitter cut-off current 
VER =5V;Ic=0 lIEBO max. 1 mA 
a D.C. current gain 
us Ic =0,1A;VcE=5V hFE typ. 50 
5 Transition frequency at f = 1 MHz 
7 Ic =0,2 A; VCE =10V tT typ. 20 MHz 
> 
rf 
a 


(1) Mounted without heatsink compound and 30 + 5 N pressure on centre of envelope. 
(2) Mounted with heatsink compound and 30 + 5 N pressure on centre of envelope. 
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SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in SOT-32 envelopes, for use in con- 
verters, inverters, switching regulators, motor control systems and switching applications. 


QUICK REFERENCE DATA 


BUX86 | BUX87 


Collector-emitter voltage (Vp = 0, peak value) VCESM max 

Collector-emitter voltage (open base) VCEQ max 

Collector current (d.c.) Ic max 

Collector current (peak value): typ = 2 ms ICM max 1 A 
Total power dissipation up to Tryp = 60 OC Prot max 20 Ww 
Collector-emitter saturation voltage: 1c =0,2A;Ip=20mMA VecgEsat < 1 V 
Fall time: Icon = 0,2 A; IBon = 20 mA; —I Boss = 40 MA tf typ 0,4 US 
MECHANICAL DATA Dimensions in mm 


TO-126 (SOT-32) 


Collector connected to metal part of mounting surface 


a r u 7,8 max “| 


* Within this region the cross-section of the leads is uncontrolled. 
See chapters Mounting Instructions and Accessories. 
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 


| Collector-emitter voltage (Vge = 0, peak value) VcEsmM max. 800 1000 V 
Collector-emitter voltage (open base) VcCEQ max. 400 450 V 
Emitter-base voltage (open collector) VEBO max. 5 5 V 
Collector current (d.c.) Ic max. 0,5 A 
Collector current (peak value) tp = 2 ms ICM max. 1 A 
Base current (d.c.) Ip max. 0,2 A 
Base current (peak value) IBM max. 0,3 A 
Reverse base current (peak value) (note 1) —IpM max. 0,3 A 
Total power dissipation up to Tpb = 60 °C | Prot max. 20 Ww 
Storage temperature T stg —65 to + 150 oC 
Junction temperature Tj max. 150 oC 


THERMAL RESISTANCE 


From junction to mounting base Rthj-mb = 4.5 K/W 
From junction to ambient in free air Rthj-a = 100 — K/W 
CHARACTERISTICS Tj = 25 OC unless otherwise specified 
Collector-cut-off current (note 2) 

VCEM = VCESMmax: VBE = 9 Ices < 100 LA 

VcCEM = VCESMmax: VBE = 9; Tj = 125 oC ICES << 1 mA | 
D.C. current gain 

Ic =50 mA; VcE=5V hee typ. 50 
Notes 


1. Turn-off current. | | 
2. Measured with a half sine-wave voltage (curve tracer). — it 
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Silicon diffused power transistors BUX86 


BUX87 
CHARACTERISTICS (continued) Tj = 25 OC unless otherwise specified 
Emitter cut-off current 
Ic=0;Vep=5V lEBO =< 1 mA 
Saturation voltage 
Ic = 0,1 A; | B = 1 0 mA VCEsat oo 0,8 V 
Ic = 0,2 A; lp =20mA VCEsat < 1,0 V 
Ic = 0,2 Aj lp =20mA VBEsat < 1,0 V 
Collector-emitter sustaining voltages BUX86 | BUX87 
Ic = 100 mA; Ipofe = 0; L = 25 mH VCEOsust > 400 450 V 
7Z75254 
250 
200 
I¢ 
(mA) 
100 
0 
min Vor (V) 
VeEosust 
Oscilloscope display for sustaining voltage 
+50V 


100-200 


oscilloscope 
vert. 


30-60Hz © 


7Z62283 


Test circuit for VcEQsust 
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CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Transition frequency at f = 1 MHz 
Ic = 50 mA; Vcr = 10 V fr typ 20 MHz 


Switching times 
ICon = 9,2 A; Vcc = 250 V 
IBon = 20 mA; —lBoff = 40 mA 


Turn-on time ton or se . 

_ Turn-off: Storage time ts pA 3 : " 
Fall time te typ 0,4 us 

Fall time, Tmpb = 95 PC te < 1,3 us 


7Z72640 


t-S30ns 


Waveform 
+25V 
Test circuit 
a 
+ { Voc 
Vim 250V 
{le 
7277048 
4 680 
uF 
ty 20 us 
T = 2ms 
Vim=15V 
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Safe Operating ARea 
1 Region of permissible d.c. operation 
I| Permissible extension for repetitive pulse operation 


11] Area of permissible operation during turn-on in single-transistor 
converters, provided Rg¢ < 100 &2 and ty < 0,6 us 


IV Repetitive pulse operation in this region is permissible, 
provided Vee <0 and th <2 ms 


Notes 


2. Second-breakdown limits (independent of temperature). 
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Safe Operating ARea 
| Region of permissible d.c. operation 
I! Permissible extension for repetitive pulse operation 


II! Area of permissible operation during turn-on in single-transistor 
converters, provided Rpg < 100 82 an tp < 0,6 us 


IV Repetitive pulse operation in this region is permissible, 
provided Vgg <0 and tp <2 ms 


Notes 


2. Second-breakdown limits (independent of temperature). 
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Silicon diffused power transistors BUX86 
BUX87 


APPLICATION INFORMATION ON BUX86 (detailed information on request) 

Important factors in the design of SMPS circuits are the power losses and heatsink requirements of the 
supply output transistor and the base drive conditions during turn-off. In SMPS circuits with mains 
isolation the duty factor of the collector current generally varies between 0,25 to 0,5. 

The operating frequency lies between 15 kHz and 50 kHz and the shape of the collector current varies 
from rectangular in a forward converter to a sawtooth in a flyback circuit. 

As the BU X86 will mainly be used in low-power flyback converters the information on optimum base 
drive and device dissipation given in the graphs on page 13 is concentrated on this application. In these 
figures Icpy represents the highest repetitive peak collector current that can occur in the given circuit, 
e.g. during overload. 


The total power dissipation for a limit-case transistor is given in Fig. 5 which applies for a mounting 
base temperature of 100 °C. The required thermal resistance for the heatsink can be calculated from 


100—Tamb max 


Prot 
To ensure thermal stability the minimum value of Tamp in the above equation is 40 °C. 


Rth mb-a = 


A practical SMPS output circuit for an output of power in the order of 15 W is given in Fig. 2. 


At acollector current of 200 mA and a base current of 20 mA in this circuit the following turn-off 
times can be expected. 


Storage time ts 
Fall time tf 


~Varive | 
1 
VBE — I- | — 
1Z74469 2 


Fig. 1 Relevant waveforms of switching transistor. 
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+290 V 


BY 206 BY X55 


+24V 


to start 
and 

control 

circuit 


7277381 


Fig. 2 Practical SMPS output circuit. 


T1 (output transformer): Core U20; primary inductance L, = 23 mH 
ni = 252 turns; n2 = 27 turns; n3 = 22 turns 


VCE(t1) < 300 V (see Fig. 1) 
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Fig. 3 Recommended nominal '’end” value of 
the base current versus maximum peak collec- 
tor current. 


Fig. 4 Minimum required base inductance and 
recommended negative drive voltage versus 
maximum peak collector current. 


Fig. 5 Maximum total power dissipation of a 
limit-case transistor if the base current is 
chosen in accordance with Fig. 3. Solid lines 
for I¢4/Ic¢M = 0,4 and dotted lines for 


Ic1/Iom = 


0 FEEEEEEEEEEEE TE 
100 200 300 400 
Fig. 5. 
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BUX88 


SILICON DIFFUSED POWER TRANSISTOR 


_High-voltage, high-speed, glass-passivated n-p-n switching transistor in a TO-3 envelope, intended for 
use in three-phase a.c. motor control systems. 


QUICK REFERENCE DATA 


Collector-emitter voltage (peak value; Vege = 0) VCESM max. 1200 V 
Collector-emitter voltage (open base) VCEO max. 800 V 
Collector current (d.c.) IC max. 12 A 
Collector current (peak value) ty <2 ms lom max. 20 A 
Total power dissipation up to Tmp = 25 9C Prot max. 160 W 
Collector-emitter saturation voltage 

IcC=9A;IB=4A V CEsat < 1 sV 
Collector saturation current ICsat = 9 A 
Fall time 

ICon = 9 A; IBon = —'Botf = 4A tf typ. 0,5 us 
MECHANICAL DATA | Dimensions in mm 
Fig. 1 TO-3. 


Collector connected to case. 


7283745 11,2 


See also chapters Mounting instructions and Accessories. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-emitter voltage (peak value; VpgE = 0) VCESM max. 1200 V 

Collector-emitter voltage (open base) VCEO max. 800 V 

Collector current (d.c.) Ic max. 12 A 

Collector current (peak value); ty <2 ms lcm max. 20 A 

Base current (d.c.) Ip max. 8 A 

Base current (peak value); tp <2 ms IBM max. 12 A 

Total power dissipation up to Tmp = 25 °C Prot max. 160 W 

Storage temperature Tstg —65 to + 150 °C 
Junction temperature Tj max. 150 °C 


THERMAL RESISTANCE 
From junction to mounting base Rth j-mb = 0,78 K/W 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current* 


Vce = VCESMmax: VBE = 9 ICES < 1 mA 

VceE = VCESMmax:’ VBE = 0; Tj = 125 oC ICES < 4 mA 
Emitter cut-off current 

Ic=0;VeRp=5V lEBO < 10 mA 
Saturation voltages 

Ic=9A;IB=4A VCEsat < 1V 

Ic=12V;Ip=6A VCEsat < 3 V 
Collector-emitter sustaining voltage 

Ic = 200 mA; Ip = 0; L= 25 mH VCEOsust — 800 V 
Second breakdown collector current 

VceE = 100 Vi tp =1s KSB)C a 0,4 A 
Transition frequency at f = 5 MHz 

Ic=O0,1A;VcE=5V fy typ. 7 MHz 
Collector capacitance at f = 1 MHz 

le =le=0; Vep=10V Cc typ. 200 pF 


* Measured with a half sine-wave voltage (curve tracer). 
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Silicon diffused power transistor BUX88 


Switching times resistive load (Figs 2 and 3) 
Con = 9 A: IBon = —!Boff =44 


Turn-on time ton typ. 1,5 us 
Turn-off: Storage time | ts typ. 4,5 Us 
Fall time te typ. 0,5 US 

' . 7777499 5 


Fig. 2 Switching times waveforms 
with resistive load. 


+25V 


Voc 

ha 250V 

Vim | | | | 
ake 
to Vj 7Z88899 
c4 680 

T=2ms 
Vim = 15V 


Fig. 3 Test circuit resistive load. 
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Fig. 4 Safe Operating ARea at Trp < 25 OC. 


(1 } Prot max line. 

(2) Second-breakdown limits (independent of temperature). 

1! Region of permissible d.c. operation. 

I| Permissible extension for repetitive pulse operation. 

I1f Repetitive pulse operation in this region is permissible, 
provided Vge <0 and tp <5 ms. 


BUX90 


DARLINGTON POWER TRANSISTOR 


High voltage, N-P-N monolithic Darlington power transistor, primarily intended for use in car ignition 
systems. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vpe = 0; peak value) VCESM max. 650 V 
Collector-emitter voltage (open base) VCEQO max. 400 V 
Collector current (d.c.) Ic max. 12 A 
Collector current (peak value) tp <5 ms lom max. 30 A 
Total power dissipation up to Tryp = 25 OC Prot max. 125 W 
Junction temperature Tj max. 200 °C 
Collector-emitter saturation voltage 

Ic = 5A;I—p= 50mA VCEsat “< 15 V 

lc = 10 A; lp = 300 mA VCEsat < 2,0 V 
Collector saturation current ICsat typ. 10 A 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 


Collector connected to case. 


—+§— 266 max ——> i 2,9 


7Z69700.1 11 2 


See also chapters Mounting instructions and Accessories. 
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BUX90 


R1 typ. 500 2 
R2 typ. 300 Q 


R1 R2 


ER OF EERE we SETTER 


7Z66445.2 


Fig. 2 Circuit diagram. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Collector-emitter voltage (VepR = 0); peak value VCESM max. 650 V 
Collector-emitter voltage (open base) VCEO max. 400 V 
Emitter-base voltage (open collector) VEBO max. 6 V 
Collector current (d.c.) | Ic max. 12 A 
Collector current (peak value); typ <5 ms lcm max. 30 A 
Base current (d.c.) — | Ip max. 4A 
Base current (peak value); tp <5 ms IBM max. 6A 
Total power dissipation up to Trp = 25 OC Prot max. 125 W 
Storage temperature T stg —65 to + 200 °C 
Junction temperature* Tj max. 200 °C 


THERMAL RESISTANCE* 
From junction to mounting base Rth j-mb = 1,4 K/W 


* Based on maximum average junction temperature in line with common industrial practice. The 
resulting higher junction temperature of the output transistor part is taken into account. 
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Silicon Darlington power transistor BUX90 


CHARACTERISTICS 
Tj = 25 °C unless otherwise specified 


Collector cut-off current* 


VBE = 9; VcE = VCESMmax ICES < 1 mA 
Vee = 90; VceE = VCESMmax: Tj = 125 9C ICES a 3 mA 
Emitter cut-off current 
Ic =0;Vep=6V lIEBO < 20 mA 
Collector-emitter sustaining voltage 
Ic = 5A; I Bote = 0; =8 mH VCEQOsust > 400 V 
Saturation voltages 
Ic =5A;lp=50mA VCEsat < 15 V 
VBEsat ss 2,0 V 
Io = 5 A; lp = 60 mA; T; = —40 °C VCEsat << 15 V 
VBEsat < 2,0 V 
I¢ = 6 A; lg = 100 mA; Tj = 150 °C VCEsat a 1,5 V 
VBEsat < 2,0 V 
Ic = 10 A; lp = 300 mA VCEsat < 2,0 V 


Turn-off breakdown energy with inductive load (Fig. 3) 
—IBott = 90; Ieg = 10 A; L = 8 mH; Ipon = 300 mA; 
Vez = 400 V E(BR) = 400 mJ 


Collector-emitter diode, forward voltage 
lF=8A;lp=0 . Ve ms 3,0 V 


7284872 


Fig. 3 Energy test circuit. 


* Measured with a half sine-wave voltage (curve tracer). 
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ime 


Region of permissible d.c. operation 
| Permissible extension for repetitive pulse operation 


li Repetitive pulse operation in this region is permissible, 


2) Second-breakdown limits (independent of temperature). 
provided Vge <0 and tp <5 ms. 


1) Prot max aNd Prot peak max lines. 


Fig. 4 Safe Operating ARea at Typ < 25 OC. 
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SILICON DIFFUSED POWER TRANSISTORS 


BUX98 
BUX98A 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-3 envelope, intended for use 
in converters, inverters, switching regulators, motor control systems etc. 


QUICK REFERENCE DATA 


Collector-emitter voltage (Vep = 3 V) 


Collector-emitter voltage (Rage <5 22) 


Collector-emitter voltage (open base) 


Collector current (d.c.) 


Collector current (peak value) ty <5ms 


Total power dissipation up to Tmp = 25 OC 


Coilector-emitter saturation voltage 
Ic=20A;lIp=4A 


Ic=16 A; 1p =3,2A 


Fall time (resistive load) 


Icon = 20 A; IBon = —!Boft =4A 


MECHANICAL DATA 


Fig. 1 TO-3. 


Collector connected to case. 


see also chapters Mounting instructions and Accessories. 


——— 26,6 max —-—- 


10.9—— 


7Z83745A 


BUX98 | BUX98A 


850 1000 V 
850 1000 V 
400 450 V 
30 A 

60 A 

250 Ww 

1,5 —_ V 
— £5. -V 
0,8 — us 
— 0,8 us 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
BUX98 | BUX98A 


1000 


384 


Collector-emitter voltage (Vep = 3 V) VCEX max. 850 V 
Collector-emitter voltage (Rge < 5 22) VCER max. 850 1000 V 
Collector-emitter voltage (open base) VCEO max. 400 450 V 
Collector current (d.c.) Ic max. 30 A 
Collector current (peak value); ty <5 ms Icom max. 60 A 
Base current (d.c.} Ip max. 8 A 
Base current (peak value); tp <5 ms IBM max. 30 A 
Total power dissipation up to Tmpb = 25 OC Prot max. 250 WwW 
Storage temperature Tstg —65 to + 200 oC 
Junction temperature Tj max. 200 oC 
THERMAL RESISTANCE 
From junction to mounting base Rthj-mb = 0,7 K/W 
CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current* 

Voce = VCERmax: Rpe <9 & ICER < | mA 

Vce = VCERmax: Ree S 8 &; t= 125 °C ICER < 8 mA 
Collector cut-off current 

VceE = VCEXmax: VEB = 2,5 V ICEX < 0,4 mA 

VcE = VCEXmax: VEB = 2,5 V; Tj = 125 °C ICEX < 4 mA 
Emitter cut-off current 

lc=O0;Vep=5V lEBO < 2 mA 
Saturation voltages 

Ic=20A;1p=4A VCEsat < 1,5 - V 

VBEsat < 1,6 —~ %V 
Ic=30A;Ip=8A VCEsat < 3,5 —~ V 
Ic=16A;ip=3,2A VCEsat = — 1,5 V 
VBEsat = — 1,6 V 

Ic=24A Ip=5A VCEsat < — 5 V 
Collector-emitter sustaining voltage 

Ic = 200 mA; IBoff = 0; L= 25 mH VCEOsust > 400 450 V 
Transition frequency at f = 1 MHz 

lc=1A;VceE =10V f+ typ. 5 MHz 
Emitter-base breakdown voltage 

Ic =0; lp =0,1A V(BR)EBO 7 to 30 V 
Collector capacitance at f = 1 MHz 

VceE=10V Cc typ. 500 pF 


* Measured with a half sine-wave voltage (curve tracer). 
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CHARACTERISTICS (continued) 


oscilloscope 


vert. 


30-60Hz 
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Fig. 2 Oscilloscope display for sustaining voltage. 


Switching times resistive load BUXOBA 
ICon = 20 A; IBon = —!Boft = 4A ee —_ 
Turn-on time ton - 
Turn-off: Storage time ts - 

Fall time t¢ ee 

US 

ICon = 16 A; IBon = —!Bott = 3.2 A : 
Turn-on time ton 1 * 
Turn-off: Storage time ts 
Fall time tf . 

Switching times inductive load 
lCon = 20 A IB =4A 
Turn-off: Storage time ts typ. 3,5 — ps 

Fall time tf typ. 80 — ns 
ICon = 20 A; Ig = 4A; Tj = 100 °C 
Storage time ts < 5 — ys 
Fall time tf ss 400 — ns 
ICon = IGA; Ip =3,2A 
Turn-off: Storage time ts typ. = = US 
Fall time te typ. — ns 
Icon = 16 A; Ig = 3,2 A; Tj = 100 OC t 
Turn-off: Storage time ty < “2 3 US 
Fall time te < 
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BUX98 


BUX98A 
Vec= 250 V 
Vim =—-6to+8V 
t 
P =0,01 
T 
to = 20 us 
7289210 
Fig. 4 Test circuit resistive load. 
The values of Rp and R; are selected in accordance with 
ICon and |B requirements. 
7289212.1 
tr 
i 7Z77499.5 Ss gel 
90%. == — IBon 
Ip / 
10% b= ae 
t 
— 
Dip SSS SS = 
Ic 
IO PS ge ae 
> es | ts le 
Ton al top Le 
Fig. 5 Switching times waveforms Fig. 6 Switching times waveforms 
with resistive load. with inductive load. 
“CC 
Vcc = 300 V 
Lap = 3uH 
Lc = 1,5mH 
Vep= 5V 
7Z89211.1 
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Fig. 7 Test circuit inductive load. 
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BUX98A 
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Fig. 8 Safe Operating ARea at Tryp, < 25 OC. 
(2) Second-breakdown limits. <a 


| Region of permissible d.c. operation. 

Il Permissible extension for repetitive pulse operation. 

Ili Area of permissible operation during turn-on in single transistor 
converters, provided Reg < 100 2 and ty < 0,6 us. 

IV Repetitive pulse operation in this region is permissible, 
provided Vge <0 and th <2 ms. 
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Fig. 9 Forward bias safe operation area, Tj < 125 %. 
| Safe operation area during turn-off and during 
turn-on. 
For BUX98A the right-hand limit is 450 V. 
I! Safe operation are during turn-on only provided 
ty < 0,2 us. 
lil. Safe operation area during turn-on only; provided 
— ty < 0,5 us and Rpg < 50 2. 
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Fig. 10 Reverse bias safe operation area, 

ICend/!Bend 2 5; -VBE = 3 V. 

! Normal reverse bias safe operation area 
VBE <OV. 

I! Extension of the reverse bias safe operation 
area provided a desaturation network (Baker 
clamp) is used. 


For BUX98A Ve limit = 450 V. 
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Fig. 11 Typical (——-) and maximum (— — --) values saturation voltage. Tj = 25 OC. 


Fig. 12 Typical values at i 25 °C. 
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Fig. 13 Typical values d.c. current gain. 


Fig. 14 Typical values base and collector voltage. Ic/Ip 
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DEVELOPMENT DATA 


This data sheet contains advance information and BUX99 
specifications are subject to change without notice. 


SILICON TRIPLE DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed, glass-passivated n-p-n power transistor in a TO-126 envelope, intended for 
use in fast switching applications. 


QUICK REFERENCE DATA 


Collector-emitter voltage 


—Ver = 1,5 V; peak value VCEVM max, 730 V 
Collector-emitter voltage, open base VCEO max. 300 V 
Collector current (d.c.) Ic max, 15 A 
Total power dissipation up to Tryp, = 25 OC Prot max. 28 W 
Collector-emitter saturation voltage 

ic = 0,2 A; lp =20mA VCEsat max. 2V 
D.C. current gain 

Ic = 10mA; VcE=2V hee min, 10 
Fall time; lc = 0,2 A; lp = 20 mA tr max. 0,8 us 
MECHANICAL DATA Dimensions in mm 


Fig. 1 TO-126 (SOT-32). 


For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 


Collector-emitter voltage 


VBE = 0; peak value VCESM max. 730 V 
Collector-emitter voltage | 

Vee = —1,5 V; peak value VCEVM max, 730 V 
Collector-emitter voltage, open base VCEO max. 300 V 
Emitter-base voltage, open collector VEBO max. 12 V 
Collector current (d.c.) Ic max. 15 A 
Collector current (peak value) ICM max. 3A 
Base current (d.c.) Ip max. 0,75 A 
Base current (peak value) IBM max. 15 A 
Emitter current (d.c.) | Ie max. 2,25 A 
Emitter current (peak value) lEM max. 45 A 
Total power dissipation up to Tmp = 25 OC Prot max. 28 W 
Storage temperature T stg —65 to +150 °C 
Junction temperature Tj max. 150 °C 
THERMAL RESISTANCE 
From junction to mounting base Rth j-mb 4,5 K/W 
From junction to ambient | Rth j-a 100 K/W 
CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 
Collector cut-off current 

Vice = 400 V; Veg =0 ICES < 5 yA 

Vce = 730 V; Veag = —1,5 V ney < 50 pA 

VcE = 730 V; Vee = —1,5 V; Tj = 100 OC < 250 yA 
Emitter cut-off current 

lc = 0; VER =12V lEBO < 1 mA 
Collector-emitter sustaining voltage 

Ip =0;I¢ =0,1 A; L= 25 mH VCEOsust 2 300 V 
D.C. current gain 

Ic =10mA; VcE=2V hfe Z 10 

Ic =50mA;VceE=5V hee e pe 
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SILICON DIFFUSED POWER TRANSISTOR 


High-voltage, high-speed switching n-p-n transistor in a TO-3 envelope especially intended for use in 
a.c. motor control systems from three-phase mains. 


QUICK REFERENCE DATA 


Collector-emitter voltage (VpEe = 0, peak value) VCESM max. 1500 V 
Collector-emitter voltage (open base) VCEO max. 800 V 
Collector current (d.c.) 7 Ic. max. 6A 
Total power dissipation up to Tmp = 60 °C Prot max. 80 W 
Collector-emitter saturation voltage 

Ic=4,5A;lIp=2A VCEsat < 1 V 
D.C. current gain 

Ic =4,5A;Vcp=5V hee > 2,5 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-3. 


Collector connected to case. 


7Z69700.1 11 2 


See also chapters Mounting instructions and Accessories. 
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RATINGS _ | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Collector-emitter voltage (VBE = 0, peak value) 


Collector-emitter voltage (open base) 
Collector current (d.c.) 
Collector current (peak value) 


~ Collector current (non- -repetitive Poa 


Base current (d.c.) 
Base cu rrent (peak value) 


Reverse base current (d.c. or average 
over any 20 ms period) 


Reverse base current (peak value) * 
Total power dissipation up to Tbs 60 °C 
Storage temperature 


Junction temperature 


THERMAL RESISTANCE 


From junction to mounting base 
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ww) Cl Sh UERS CE eens ee ene 
a SEE EGE UN eee eee 
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oe ia Hombre owe ro 
B Pesce Ne eer 
a Ree eer ecole 
i Po eres ce IN eek a 
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(CECPEETEEEEE EEE a 
Peeps ep ee eo A ee ee pe [hd 
KEE EEE ECE EEE EES 
Morera ae 
qi er ie op oie ae 


0 


~VCESM max. 1500 
VCEO max. 800 
Ie max. 6 
ICM max. 10 
Icom max 15 
IB max. 4 
IBM “max. 6 
—IB(AV) max 100 
—IBM max. 4 
Prot | max. 80 
T stg —65 to + 150 
Tj max. 150 
—Rthj-mb = max. 1,12 


7282765 


50 


F ig. 2 Power derating curve. 


—* Turn-off current. 
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K/W 


Silicon diffused power transistor BUY89 


CHARACTERISTICS 
Tj = 25 OC unless otherwise specified 


Collector cut-off current 


Vee = 0; Vce = VceESMmax: Tj = 125°C ICES — 1,0 mA 
D.C. current gain 

Ic=4,5A;Vcp=5V hee > 2,5 
Emitter cut-off current 

Ic =0;Vepn=5V lEBO < 10 mA 
Saturation voltage 

Ic=4,5A;Ip=2A VCEsat < 1V 

Ic=4,5A;Ipa2A VBEsat < 15 V 
Collector-emitter sustaining voltage 

Ip = 0; |¢ = 100 mA; L= 25 mH VcEOsust > 800 V 


+6V 


hor. 


oscilloscope 


vert. 


. | 
min Vceo sust : 
| 


ey 30-60Hz “V 
CEO (V) peerry 7262752 
Fig. 3 Oscilloscope display for V . Fig. 4 Test circuit for V : 
CEOsust CEQOsust 
Second-breakdown collector current 
-Vecg = 100 Vi ty = 1s l(SB) > 03 A 
Transition frequency at f = 5 MHz 
Ic =0,1A; Veep =5V fy typ. 7 MHz 
Collector capacitance at f = 1 MHz 
le =le=0;Vcp=10V Co typ. 125 pF 
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CHARACTERISTICS (continued) 

Switching times (between 10% and 90% levels) 
in resistive switching circuit 
ICon = 4,5 A; Vec = 250 V; Ry = 56 Q 
IBon = —'Boff=2A | 
Turn-on time | ; ton typ. 1,5 us 
Storage time (t, = tof¢—te) | ts typ. 4,5 us 
Fall time | te typ. 0,5 ps 


7277499.5 


—_ 
> ees > ts < 
ton > loft & 
Fig. 5 Waveforms. 
+25V 
BD226 i | 
| } a | 20 | - 
= Kh, o ” UF fos | 
+ 
— 0? Vec 
ees | Hr 250V 
+ . (\\- T.ULT. ae 
ge : Na, 
La Ds 150. | 
V. 
| +l 680 
YF 
T = 2ms | 
| ie | _ | UW 1272198 Ab 


Fig. 6 Test circuit. 
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Vcg limit 


eA UU | 


0,01. 
Ptot max and Poeak max lines. 


2. Second-breakdown limits. 


Permissible extension for repetitive pulse operation. 


Region of permissible d.c. operation. 


for Vcg less than 700 V then t 
for VcgE greater than 700 V th 


provided Var S 
IV Transient Ic/ 


Fig. 7 Safe Operating ARea with the transistor forward biased. 


Tmb <60 °C; § 


1. 
Ill Repetitive pulse operation in this region is permissible, 


p less than or equal to 25 ps 


less than 5 us. 


en to 


397 


October 1985 


BUY89 


7282766 . 7282767 


500 
0,1 . 1 Ic (A) 10 0,1 1 Ic (A) 10 


Fig. 8 Collector-emitter saturation voltage Fig. 9 Base-emitter saturation voltage 
at I¢/Ip = 2; Tj = 25 OC. tic/Ig = 2; Tj = 25 °C. 
102 
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NFE 
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a a ee ee ee 
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eee eee oe a 


tt eH Ae 
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10 107! a “ie (A) 10 


Fig. 10 D.C. current gain at Vce = 5 V; 1] =25°C;.------- at Vcgp =1V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PH13002 
PH13003 


SILICON DIFFUSED POWER TRANSISTORS 


High-voltage, high-speed, glass-passivated n-p-n power transistors in a TO-126 envelope, intended for 
use in switching regulators, inverters, motor control, solenoid/relay drivers and deflection circuits. 


QUICK REFERENCE DATA 


PH13003 _ 


—eensremenenasnnstemstniee ree Ra 


PH13002 


Collector-emitter voltage 


VpE=—1,5V VCEX max. 600 700 V 
Collector-emitter voltage, open base VCEO max. 300 400 Vv 
Collector current (d.c.) Ic max. 1,5 A 
Total power dissipation up to T mp = 25 °C Prot max. 28 W 
Collector-emitter saturation voltage 

Ilc=1A;lp=0,25A VCEsat < 1,0 V 
D.C. current gain 

Ic =0,5 mA; Vee =2V hee > 8 to 40 
MECHANICAL DATA Dimensions in mm 
Fig. 1 TO-126 (SOT-32). 

3,75 
1,1 
max 


Collector connected to case. 


— 
a> WwW 


7Z59324.2 


For accessories and mounting instructions see Handbook high-voltage and switching power transistors. 
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PH13002 
PH13003 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134). 


Collector-emitter voltage 
Vee=—-15V 


Collector-emitter voltage, open base 
Emitter-base voltage 

Collector current (d.c.) 

Collector current (peak value) 

Base current (d.c.) 

Base current (peak value) 

Emitter current (d.c.) 

Emitter current (peak value) 


Total power dissipation up to Tamb = 25 OC 
Derate above 25 °C 


Total power dissipation up to T, = 25 OC 
Derate above 25 °C 


Storage temperature 
Junction temperature 


THERMAL RESISTANCE 
From junction to case 
From junction to ambient 


CHARACTERISTICS 

Tj = 25 °C unless otherwise specified 

Collector-emitter sustaining voltage 
Ip =O; lc =10mA 

Collector cut-off current 


VceE = VCEVmax: VBE = —1,9 V 
Voce = VCEVmax: VBE = —1.5 V; Te = 100 °C 


Emitter cut-off current 
Ic =0;Vep=9V 
D.C. current gain 
lc =O5A;VcE=2V 


Ic=1A;VcE=2VvV 
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VCEOsus 


ICEX 


lEBO 


hFE 


NFE 


max. 


AVAN 


PH13002 


PH13003 
600 700 V 
300 400 V 
2) V 
1,5 A 
3 A 
0,75 A 
1,5 A 
2,25 A 
45 A 
1,25 Ww 
10 mW/K 
28 W 
224 mW/K 
—65 to +150 oC 
150 OC 
45 K/W 
100 K/W 
300 400 V 
1,0 mA 
5,0 mA 
1,0 mA 
8 
40 
5 
25 


ACCESSORIES 


ACCESSORIES 


402 


type number 


56201d 
56201) 
56261a 
56326 
56339 
56352 
56353 
56354 
56359b 
56359c 
56359d 
56360a 
56363 
56364 
56367 
56368a 
56368b 
56369 
56378 
56379 
56387a 
56387b 
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description 


mica washer (up to 500 V) 
insulating bushes (up to 500 V) 
insulating bushes (up to 500 V) 
metal washer 

mica washer (500 to 2000 V) 
insulating mounting support 
spring clip 

mica insulator 

mica washer (up to 1000 V) 
insulating bush (up to 800 V) 
rectangular insulating bush (up to 1000 V) 
rectangular washer (brass) 
spring clip (direct mounting) 
spring clip (insulated mounting) 
alumina insulator (up to 2000 V) 
mica insulator (up to 800 V) 
insulating bush (up to 800 V) 
mica insulator (up to 2 kV) 
mica insulator (up to 1500 V) 
spring clip 

mica insulator (up to 300 V) 
insulating bush (up to 300 V) 


TYPE NUMBER SURVEY ACCESSORIES 


envelope 


TO-3 
TO-3 
TO-3 
TO-126 
TO-3 
TO-3 


TO-126/SOT-82 
TO-126/SOT-82 


TO-220 
TQ-220 
TO-220 
TO-220 
TO-220 
TO-220 
TO-220 
SOT-93 
SOT-93 
TO-220 
SOT-93 
SO7-93 
TO-126 
TOQ-126 


ACCESSORIES 


SELECTION GUIDE 


CLIP MOUNTING 


direct mounting insulated mounting 
envelope 


clip 
TO-126 | 56353 56354 
(SOT-32) 
SOT-82 56353 | 56354 
TO-220 | 56363 | 56369 or 56367 
(SOT-78) | 
SOT-93 56379 | 56378 


SCREW MOUNTING 


direct mounting insulated mounting 


envelope 
metal washer en eS | mica washer | insul. bush | metal washer mee neg 
material material 

TO-126 

(SOT-32) 

up to 300 V 56387a 56387b 56326 M2,5 
TO-220 

(SOT-78) 56360a 

up to 800 V 56359b | 56359c 56360a M3 

up to 1000 V} 56359b 56359d 56360a M3 
SOT-93 56368a 56368b st M3 
TO-3 

up to 500 V | 5620id 56201} or M3 

56261a 
up to 2000 V 56339 56352 M3 


The accessories mentioned can be supplied on request. 
See also chapter Mounting Instructions. 
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ACCESSORIES 


Mounting TO-126 and SOT-82 envelopes. 


56353 CLIP 
for TO-126 and SOT-82 envelopes 


MECHANICAL DATA - 
Material: high carbon spring steel Dimensions in mm 


-»! 2.28 l«—_———. 11,68 ——_—_» < 348 ls 
7269101 


Spring clip suitable for heatsink of 1,5 to 2 mm. 


56354 MICA INSULATOR 
for TO-126 and SOT-82 envelopes 


MECHANICAL DATA. Dimensions in mm 


O05 20, 02 


<«——--- {0 | _ 


Lt 


7269103. 
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ACCESSORIES 


Mounting of TO-126 envelopes 


96326 WASHER 


for direct mounting of TO-126 envelopes 


MECHANICAL DATA 
Material: brass, nickel plated 


Dimensions in mm 


~ 


v 
i Mane 


—e! 34 | 7265397 


56387a ~MICA WASHER | 
for insulated screw mounting of TO-126 envelopes (up to 300 V) 


MECHANICAL DATA Dimensions in mm 


rane 


~~ £0,02 


72838564 


ce 
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ACCESSORIES 


Mounting of TO-126 envelopes 


96387b | INSULATING BUSH 


for insulated screw mounting of TO-126 envelopes (up to 300 V) 


MECHANICAL DATA 


Material: polyester 


Dimensions in mm 


<— 8,1 —»! 72838574 


TEMPERATURE 


Maximum permissible temperature Tmax 150 °C 
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ACCESSORIES 


Clip mounting TO-220 envelopes 


96363 SPRING CLIP 


for direct mounting of TO-220 envelopes 


MECHANICAL DATA Dimensions in mm 
Material: stainless steel; for mounting on heatsink of 1.0 to 2.0 mm. 


Recommended force 
of clip on device 
is 20 N (2 kgf). 


56364 SPRING CLIP 


for insulated mounting of TO-220 envelopes 


MECHANICAL DATA Dimensions in mm 


Material: stainless steel; for mounting on heatsink of 1.0 to 1.5 mm. 
Recommended force 
of clip on device 

is 20 N (2 kgf). 


To be used in 
conjunction with 
insulators 56367 
or 56369 


anee | zal ore 
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ACCESSORIES 


Clip mounting TO-220 envelopes 
56367 ALUMINA INSULATOR | 
for insulated clip mounting of TO-220 envelopes (up to 2 kV) 


MECHANICAL DATA Dimensions in mm 
Material: 96-alumina. 


- 


a --- 16 | 


LI 


*Because alumina is brittle, extreme care must be taken when mounting devices not to crack the 
alumina, particularly when used without heatsink compound. 


2 | 


56369 MICA INSULATOR 
for insulated clip mounting of TO-220 envelopes (up to 2 kV) 


MECHANICAL DATA. _ Dimensions in mm 


__Voo 
Aa 


ee ee AG an 


= eee 


M1458 
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ACCESSORIES 


Mounting TO-220 envelopes 


56359b MICAWASHER 
for TO-220 envelopes (up to 1000 V) 


Dimensions in mm 


3,6+0,05 0,06 + 0,02 
> >< 


7273142.2 |<g—___—. 15: —____» 


96360a RECTANGULAR WASHER 


for direct and insulated mounting of TO-220 envelopes | 


MECHANICAL DATA >) 31 «+ 


Material: brass; nickel plated. 


* 2 Fe Dimensions in mm 


L 5,8 . 7273144 
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ACCESSORIES || 


Mounting TO-220 envelopes a 


563590” INSULATING BUSH 
ne | for TO-220 envelopes (up to 800 V) 


/ 


MECHANICAL DATA x Dimensions inmm 
Material: polyester | me  e° 
Be 2 3, 5 
TEMPERATURE 7 __y 
Maximum permissible : | v 27 
temperature Tmax = 150 °C 1 ri 7 4 
72731431 @ 3,1 
56359d_ RECTANGULAR INSULATING BUSH 
for TO-220 envelopes (up to 1000 V) 
MECHANICAL DATA | | Dimensions in mm 
TEMPERATURE = its pee =) 
Maximum permissible Paes a | 
temperature Tmax = 150 °C | 
ee, 10 
7 ax 
max 
Y 
38 24P 
ge ee 
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ACCESSORIES 


Clip mounting of SOT-93 envelopes 


56378 MICA INSULATOR 
for SOT-93 clip mounting (up to 1500 V) 


MECHANICAL DATA Dimensions in mm 
0,06 +0,02 
ee ee 

28 

a lene 7Z75851.1 
56379 SPRING CLIP 

for direct and insulated mounting of SOT-93 envelopes 

MECHANICAL DATA Dimensions in mm 
Material: 


CrNi steel NLN-939; 
thickness 0,4 + 0,04. 


6.5 cal 


72758501 
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- ACCESSORIES 


412 


Screw mounting of SOT-93 envelopes 


56368a MICA INSULATOR 


for insulated screw mounting of SOT-93 envelopes (up to 800 V) | 


MECHANICAL DATA . | | Dimensions in mm 


Y 0,06 
40,02 


7Z78330.1 


56368b _ INSULATING BUSH 


for insulated screw mounting of SOT-93 envelopes (up to 800 V) 


MECHANICAL DATA Dimensions in mm 
Material: polyester 


TEMPERATURE 
Maximum permissible temperature | Tmax = 150 °C 
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ACCESSORIES 


Mounting TQO-3 envelopes 
56201d MICA WASHER 


Mica washer for up to 500 V insulation of TO-3 envelopes. 


MECHANICAL DATA Dimensions in mm 


<4 


eae Soa _ 


>| |< 1,85 max 


—e-| 2 <a 


re +£0,02 


56201) 2 INSULATING BUSHES 


Two insulating bushes for up to 500 V insulation of TO-3 envelopes. 


MECHANICAL DATA Dimensions in mm 


material: polyester 


~ 63,8 ~ i 6 3,1 
3,5 
5,0 
_ 65 i” 7Z754L.48 
TEMPERATURE 
Maximum permissible temperature Tmax = 150 °C 
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ACCESSORIES 


414 


Mounting TO-3 envelopes 


56261a 2 INSULATING BUSHES 


Two insulating bushes for up to 500 V insulation of TO-3 envelopes. 


MECHANICAL DATA Dimensions in mm 
Material: polyester “ 038 r 2 B31 r 
65 
__ B65 - 7275449 
TEMPERATURE 
Maximum permissible temperature Tmax = 150 °C 
56339 MICA WASHER 


Mica washer for 500 to 2000 V insulation of TO-3 envelopes, for which it should be combined with 
mounting support 56352. 


MECHANICAL DATA Dimensions in mm 


a 0,075+0,025 


72702654 A 
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ACCESSORIES 


Mounting TO-3 envelopes 


96352 MOUNTING SUPPORT 


Mounting support for 500 to 2000 V insulation of TO-3 envelopes, for which it should be combined 
with mica washer 56339. 


MECHANICAL DATA Dimensions in mm 
Material: polyester 


TEMPERATURE 


Maximum permissible temperature Tmax = 125 °C 
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MOUNTING INSTRUCTIONS 
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General note on flat heatsinks 


All information on thermal resistances of the accessories combined with flat heatsinks is valid for 


square heatsinks of 7,5 mm blackened aluminium. 


For a few variations the thermal resistance may be derived as follows: 


@ Rectangular heatsinks (sides a and 2a) 


When mounted with long side horizontal, multiply by 0,95. 


When mounted with short side horizontal, multiply by 1,10. 


® Unblackened or thinner heatsinks 


Multiply by the factor given in Fig. 1 as a function of the heatsink size A. 


7278580 


1,4] 


obey NPE He 


= 


20 


10 


A (cm?) one a 


Fig. 1 Multiplication factor (B) as a function of heatsink area (A). 


(1) 1mm blackened aluminium. 


5 mm unblackened aluminium. 
(3) 1mm unblackened aluminium. 


‘ 


(2) 1 
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MOUNTING 
INSTRUCTIONS 
TO-3 
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MOUNTING INSTRUCTIONS FOR TO-3 ENVELOPES 


GENERAL DATA AND INSTRUCTIONS 
Instructions for direct mounting. 


Mounting instructions for up to 500 V insulation. 
Using insulating bushes 56201] or 56261a and mica washer 56201d. 


Mounting instructions for 500 to 2000 V insulation. 
Using mounting support 56352 and mica washer 56339. 


Heatsink requirements 
Flatness in the mounting area: 0,05 mm per 40 mm 


Mounting holes must be deburred. 


Mounting torques 
Minimum torque (for good heat transfer) 0,4 Nm (4 kgem) 
Maximum torque (to avoid damaging the transistor) 0,6 Nm (6 kgem) 


N.B.: When the driven nut or screw is in direct contact with a toothed lock washer (e.g. Fig. 10), the 
torques are as follows: 
Minimum torque 0,55 Nm (5,5 kgem) 


Maximum torque 0,8 Nm (8 kgcm) 


Thermal data 


The thermal resistance from mounting base to heatsink (Reh mb-h!} can be reduced by applying a heat 
conducting compound between transistor and heatsink. For insulated mounting the compound should 
be applied to the bottom of both device and insulator. 


Insulated mounting 


: ; piteet mounting 500 V mica | 2000 V mica 
From mounting base to heatsink ——_________ es mais 


without heatsink compound Rth mb-h 0,6 1,0 1,25 K/W 


with heatsink compound Reh mb-h 0,1 0,3 0,5 K/W 
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INSTRUCTIONS 


MOUNTING 
TO-3 


INSTRUCTIONS FOR DIRECT MOUNTING 


The transistors should be mounted with M4 screws, see Figs 1 and 2. Minimum heatsink thickness (for 
good heat transfer) 1,5 mm. Hole pattern: Fig. 3. 

A heatsink with tapped holes or insert nuts can also be used, but a torque washer is necessary between 
metal washer and transistor. See Fig. 4. 


©) 


©) 
@ 
@ 
@ 


| 


7Z703801 , 


Figs 1 and 2. Direct mounting with nuts. 


Legend 


(1) = screw 
(2) = TO-3 
(4) = mica 
(5) = heatsink 


(6) = insulating bush 
(7) = metal washer 
(8) = soldering tag 
(9) = lock washer 
(10) = nut 
(11) = tapped hole 
(12) = insert nut 
Dimensions in mm 
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MOUNTING 
INSTRUCTIONS 
TO-3 


Mounting instructions for TO-3 envelopes 


|< 16940,1.—> 


<+—_—— 30.1+0,) ———»!|__ 7270376 


Fig. 3 Hole pattern for direct mounting with nuts. 


@ <== | 
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(12) M4 ! 72703821 


Fig. 4 Direct mounting with tapped holes or insert nuts. 
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MOUNTING 
INSTRUCTIONS 


422 


TO-3 | 


MOUNTING INSTRUCTIONS FOR UP TO 500 V INSULATION 
Using insulating bushes 56201j and mica washer 56201d 


For the component arrangement with minimum heatsink thickness see Figs 5 and 6. For hole pattern 
and shape of holes see Figs 7 and 8. 


Using insulating bush 56261a and mica washer 56201d 


For an arrangement with M3 screws and nuts see Fig. 9, mounting holes are given in Figs 7 and 8. 
The accessories can also be used in combination with M3 screws and heatsinks provided with tapped 
holes or insert nuts. Lock washers are necessary between screw-head and metal washer, see Fig. 10. 
For an assembly drawing with tapped holes see Fig. 11, with insert nuts see Fig. 12. 


mo 
+ ? 


(1) M3 


(2) 
(4) 56201d 


(G) OLA 


A. 
(6) 56201; AL All caf 
| eet ae 


‘ 


® al | 
a 


. eafae 
Q = xb 
© - — 
(10) M3 eae Pees aba 1270384 


Figs 5 and 6. Insulated mounting (500 V) with 56201) and 56201d. Heatsink thickness: 1,5 to 2,5 mm. 
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7270379 
<—_—— 30,1+0,. ——» 7270377 
Fig. 7 Hole pattern for 500 V Fig. 8 Shape of hole for 500 V 
insulation, nut fastening. insulation, nut fastening. 


For legend see page 420. 
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MOUNTING 
Mounting instructions for TO-3 envelopes INSTRUCTIONS 


TO-3 
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oe cD wetOSRa wa 7270386.3 
Fig. 9 Insulated mounting Fig. 10 Insulated mounting (500 V) 
(500 V) with nuts. with tapped holes or insert nuts. 
(9) (M3) 


(7) (M3) 

56261a (6) | | E 
SREB pyaar 
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ils (4) > 
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<— 965°)" ——p-| 72 70387.3 
Fig. 11 Assembly (partial) for Fig. 10 - tapped holes. 
Q minimum 2,5 mm. 


For legend see page 420. 


* Thickness approximately 0,6 mm, outer diameter 7,5 mm. 
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(9). (M3) 
~ CL(M3) 
56261a (6) | 
i EE poem 
(7) or (8) fed 
ch SN | bp 
CLANS i 


N 
LL 


@) SI SS, 

56201d (4) ms NS N_ | a 
© LR WIL : 
On WENN... 


Fig. 12 Assembly (partial) for Fig. 10 - insert nuts Q minimum 2,5 mm. 


Lo hbk nd. aa, uff 


For legend see page 420, Dimensions in mm 


* Thickness approximately 0,6 mm, outer diameter 7,5 mm. 
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MOUNTING 
INSTRUCTIONS 
TO-3 


Mounting instructions for TO-3 envelopes 


MOUNTING INSTRUCTIONS FOR 500 V TO 2000 V INSULATION 
Using mounting support 56352 and mica washer 56339 


The transistor should be mounted with M3 screws. For component arrangement see Figs 13 and 14. 
For hole pattern see Fig. 15. Thickness of heatsink 2,5 mm to 3 mm. 
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Figs 13 and 14. Insulated mounting (5600 V—2000 V). 
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Fig. 15 Hole pattern for Figs 13 and 14. 


For legend see page 420. 
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MOUNTING 
INSTRUCTIONS 
TO-126/SOT-82 


MOUNTING INSTRUCTIONS 
FOR TO-126 AND SOT-82 ENVELOPES 


GENERAL DATA AND INSTRUCTIONS 
General rules 


1. First fasten the devices to the heatsink before soldering the leads. 
2. Avoid axial stress to the leads. 
3. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 


Heatsink requirements 


Minimum thickness: 2 mm. 

Flatness in the mounting area: 0,02 mm maximum per 10 mm. 

Mounting holes must be deburred and should also be perpendicular to the plane of the heatsink, within 
10° tolerance for M2,5 thread and within 2° tolerance for M3 thread. If the hole in the heatsink is 
threaded, it should be counter-sunk and free of burrs. 


Heatsink compound 


Values of the thermal resistance from mounting base to heatsink (Ry mb-h) given for mounting with 
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is 
not recommended. 


For insulated mounting, the compound should be applied to the bottom of both device and insulator. 


Mounting methods for power transistors 
1. Clip mounting (TO-126 and SOT-82) 
Mounting by means of spring clip offers: 
a. A good thermal contact under the crystal area. 
b. Safe insulation for mains and high voltage operation 
2. M2,5 and M3 screw mounting. (TO-126 only). 
The spacing washer should be inserted between screw head and body. 


Mounting torque for screw mounting: 
Minimum torque (for good heat transfer) 0,4 Nm (4 kgcm) 
Maximum torque (to avoid damaging the device) 0,6 Nm (6 kgcm) 


N.B. when the driven nut or screw is in direct contact with a toothed lock washer the torques are 
as follows: 


Minimum torque (for good heat transfer) 0,55 Nm (5,5 kgcm) 
Maximum torque (to avoid damaging the device) 0,80 Nm (8,0 kgcm) 


3. Body mounting (SOT-82). 


-A SOT-82 envelope can be adhesive mounted or soldered into a hybrid circuit. 
For soldering a copper plate or an anodized aluminium plate with copper layer is recommended. 
When adhesive mounting is applied also a ceramic substrate may be used. 
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Thermal data 


From mounting base to heatsink ——— Rth mb-h_ (K/W) - 


clip mounting screw mounting 
direct | insulated | direct | insulated 


TO-126, with heatsink compound : 1,0. 3,0 0,5 3,0 
TO-126, without heatsink compound 3,0 6,0 1,0 6,0 - 
SOT-82, with heatsink compound | 0,4 2,0 —- — 
SOT-82, without heatsink compound | 2,0 5,0 _ — 


Lead bending 
Maximum permissible tensile force on the body, for 5 seconds is 20 N (2 kgf). 


The leads can be bent through 90° maximum, twisted or straightened. To keep forces within the above- 
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither 
be bent nor twisted less than 2,4 mm from the body. 


Lead soldering 
For devices with a maximum junction temperature < 150 °C. 


a. Dip or wave soldering 
Temperature < 260 °C at a distance from the body > 5 mm and for a total contact time with 
soldering bath or waves <7 s. 

b. Hand soldering | 
Temperature at a distance from the body > 3 mm for a total contact time <5 sis < 275 °C or 
< 250 °C for a total contact time of < 10 s. 


The body of the device must be kept clear of anything with a temperature > 200 °C. 
Avoid any force on body and leads during or after soldering; do not correct the position of the device 
or of its leads after soldering. 


Mounting base soldering 


Recommended metal-alloy of solder paste (85% metal weight) 

62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb. 

Maximum soldering temperature < 200 °C (tab-temperature). 

Soldering cycle duration including pre-heating < 30 sec. 
For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a 
temperature < 165 °C at a duration < 10s. 
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MOUNTING 
INSTRUCTIONS 
TO-126/SOT-82 


Mounting instructions for TO-126 and SOT-82 envelopes 


a AeA A ESR SPEIRS PAAR Trt SPECS A CA RO MR Naas ec Levees = 


INSTRUCTIONS FOR CLIP MOUNTING 
Direct mounting with clip 56353 
1. Place the device on the heatsink, applying heatsink compound to the mounting base. 


2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to 
30° to the vertical (see Figs 1 and 2). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body (see Fig. 3). 


ae — “— “7 2,0 
pes ees —- ‘ 15 
oat | - \ 
16 | 1,5 1,8 yet ae 
BS A lg eames | > ge eee eee EL cag Pe RRS 
1 11,0 min Boao 
72691021 4 
7278762 
Fig. 1 Heatsink requirements. Fig. 2 Mounting Fig. 3 Position of 
spring clip. transistor (top view). 


Insulated mounting with clip 56353 and mica 56354 (up to 1000 V insulation) 

1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of 
both device and insulator. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to 
30° to the vertical (see Figs 4 and 5). 

3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body (Fig. 6). Ensure that the device is centred on the 
mica insulator to prevent creepage. 


be en eae 
jg ne a | 
16 15 1,8 
ee la 11,0 min 
7Z69102.1 speenee 
7278763 
Fig. 4 Heatsink requirements. Fig. 5 Mounting. Fig. 6 Position of 


(1) spring clip 56353. transistor (top view). 
(2) insulator 56354. 
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TO-126/SOT-82 


INSTRUCTIONS FOR SCREW MOUNTING Dimensions in mm 
Direct mounting with screw and spacing washer 


at max |< 
' | 
) asa 
1,5 
CZ EA heatsink 7 
; | 933 | 
= lock washer “— 23% = 7278766. 
‘Sabe nut. 
: 7265398 
Fig. 7 Assembly through heatsink with nut. Fig. 8 Heatsink requirements. 
M3 bolt 
r t 
Cat 56326 bad 
soe TT] TO-126 
CIITA heatsink ia 
Fig. 9 Assembly into tapped heatsink. Fig. 10 Heatsink requirements. 
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MOUNTING 
INSTRUCTIONS 
TO-126/SOT-82 


Mounting instructions for TO-126 and SOT-82 envelopes 


INSTRUCTIONS FOR SCREW MOUNTING 
Insulated mounting with 56326, 56387a and 56387b (up to 300 V) 


Fig. 15 Assembly through heatsink with nut. Fig. 16 Heatsink requirements. 


Fig. 17 Assembly with tapped heatsink. Fig. 18 Heatsink requirements. 
Legend 
1 M2,5 screw 4 mica washer 56387 a 
2 metal washer 56326 5 lock washer 
3 insulating bush 56387b 6 M2,5 nut 
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MOUNTING 
INSTRUCTIONS 
TO-220/SOT-186 = 


MOUNTING INSTRUCTIONS FOR TO-220 
AND SOT-186 ENVELOPES 


GENERAL DATA AND INSTRUCTIONS 
General rules 


1. First fasten the device to the heatsink before soldering the leads. 

2. Avoid axial stress to the leads. 

3. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 

4. The rectangular washer may only touch the plastic part of the body; it should not exert any force on 
that part (screw mounting). 


Heatsink requirements 


Flatness in the mounting area: 0,02 mm maximum per 10 mm. 
Mounting holes must be deburred, see further mounting instructions. 


Heatsink compound 


Values of the thermal resistance from mounting base to heatsink (Rt mb-h) given for mounting with 
heatsink compound refer to the use of a metallic oxide-loaded compound. Ordinary silicone grease is 
not recommended. 


For insulated mounting, the compound should be applied to the bottom of both device and insulator. 


Mounting methods for power transistors 
1. Clip mounting 
Mounting with a spring clip gives: 


a. A good thermal contact under the crystal area, and slightly lower Rip mp-h values than screw 
mounting. 
b. Safe insulation for mains operation. 


2. M3 screw mounting 


It is recommended that the rectangular spacing washer is inserted between screw head and mounting 
tab. 


Mounting torque for screw mounting: 
(For thread-forming screws these are final values. Do not use self-tapping screws.) 


Minimum torque (for good heat transfer) 0,55 Nm (5,5 kgcm) 
Maximum torque (to avoid damaging the device) 0,80 Nm (8,0 kgcm) 


N.B.: When a nut or screw is not driven direct against a curved spring washer or lock washer (not for 
thread-forming screw), the torques are as follows: 


Minimum torque (for good heat transfer) 0,4 Nm (4 kgcem) 
Maximum torque (to avoid damaging the device) 0,6 Nm (6 kgem) 


N.B.: Data on accessories are given in separate data sheets. 
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INSTRUCTIONS 
TO-220/SOT-186 


MOUNTING 


3. Rivet mounting non-insulated 


The device should not be pop-rivetted to the heatsink. However, it is permissible to press-rivet pro- 
viding that eyelet rivets of soft material are used, and the press forces are slowly and carefully con- 
trolled so as to avoid shock and deformation of either heatsink or mounting tab. 


Thermal data clip screw 
mounting |mounting 


From mounting base to heatsink 


with heatsink compound, direct mounting Rth mb-h K/W 
without heatsink compound, direct mounting Rth mb-h K/W 
with heatsink compound and 0,1 mm 
-maximum mica washer Rth mb-h K/W 
with heatsink compound and 0,25 mm 

maximum alumina insulator Rth mb-h K/W 
with heatsink compound and 0,05 mm mica washer 

insulated up to 500 V Rth mb-h K/W 
insulated up to 800 V/1000 V Rth mb-h K/W 
without heatsink compound and 0,05 mm mica washer 

insulated up to 500 V Rth mb-h K/W 
insulated up to 800 V/1000 V Rth mb-h K/W 


Lead bending 
Maximum permissible tensile force on the body, for 5 seconds is 20 N (2 kgf). 


The leads can be bent through 90° maximum, twisted or straightened. To keep forces within the above- 
mentioned limits, the leads are generally clamped near the body, using pliers. The leads should neither 
be bent nor twisted less than 2,4 mm from the body. 


Soldering 
Lead soldering temperature at > 3 mm from the body; tsjq <5 s: 
Devices with Tj max < 175 °C, soldering temperature Tgiq max = 275 °C. 
Devices with Tj max < 110 °C, soldering temperature Tsigq max = 240 °C. 
Avoid any force on body and leads during or after soldering: do not correct the position of the device 
or of its leads after soldering. 


It is not permitted to solder the metal tab of the device to a heatsink, otherwise its junction temperature 
rating will be exceeded. 


Mounting base soldering 

Recommended metal-alloy of solder paste (85% metal weight) 

62 Sm/36 Pb/2 Ag or 60 Sn/40 Pb. 

Maximum soldering temperature < 200 °C (tab-temperature). 

soldering cycle duration including pre-heating < 30 sec. 
For good soldering and avoiding damage to the encapsulation pre-heating is recommended to a 
temperature < 165 °C at a duration < 10s. 
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TO-220/SOT-186 


INSTRUCTIONS FOR CLIP MOUNTING 
Direct mounting with clip 56363 
1. Apply heatsink compound to the mounting base, then place the transistor on the heatsink. 


2. Push the short end of the clip into the narrow siot in the heatsink with the clip at an angle of 10° to 
30° to the vertical (see Figs 1 and 2). 


3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 2a). 


[ [| 38 
ae x 12.0. +18 min 


CELMIBCLLISEEL BD CELL: 


7Z75438 


Fig. 1 Heatsink requirements. Fig. 2 Mounting. Fig. 2a Position of 
(1) spring clip 56363. transistor (top view). 


Insulated mounting with clip 56364 

With the insulators 56367 or 56369 insulation up to 2 kV is obtained. 

1. Apply heatsink compound to the bottom of both transistor and insulator, then place the transistor 
with the insulator on the heatsink. 

2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 109 to 
30° to the vertical (see Figs 3 and 4). 


3. Push down the clip over the device until! the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab. Ensure that the device is 
centred on the mica insulator to prevent creepage. 


’ ~o 
was _—s 
ll iz: } TO-220 
| | 4 
18 a +18 PER eA i pd 
me nd 
CLA VIZIZZZZZZZAYZ— 49 WIA: DODTTTTTLTD OTE 
7275437 
Fig. 3 Heatsink requirements. Fig. 4 Mounting. Fig. 4a Position of 


(1) spring clip 56364. transistor (top view). 


(2) insulator 56369 or 56367. 
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INSTRUCTIONS FOR SCREW MOUNTING Dimensions in mm 
Direct mounting with screw and spacing washer 
@ through heatsink with nut 


YY 
i He i" 
OK = IW eT et 
15 
Zar A WA_| WZ. 
On Ali liz) L | | t 
| 3,3 
O35> 
M3 7269693.2 
Fig. 5 Assembly. Fig. 6 Heatsink requirements. 
(1) M3 screw. 
(2) rectangular washer (56360a). 
(3) lock washer. 
(4) M3 nut. 
(5) heatsink. 
(8) plain washer. 
@ into tapped heatsink 
auld 
GY t 
ie: Y j 
Ga 
<M3-> 72750201 
Fig. 7 Assembly. Fig. 8 Heatsink requirements. 


(1) M3 screw. 
(2) rectangular washer 56360a. 
(5) heatsink. 
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Insulated mounting with screw and spacing washer 


MOUNTING 
INSTRUCTIONS 
TO-220/SOT-186 


Dimensions in mm 


(not recommended where mounting tab is on mains voltage) 


@ through heatsink with nut 


M3 screw 


a rectangular washer 56360a 
eS eee 


a ea mica insulator 56359b 


heatsink 


insulating bush 56359c 


plain washer 


| 
a is lock washer 


M3 nut 


7285253 


Fig. 9 Insulated screw mounting with 
rectangular washer. Known as a “bottom 
mounting’’. 


180° 
120° 
raareore \, 
o ans 0,7 
2,0 +014 
+011 ee 
i 


4 23,6 ae . 


7Z78434 


Fig. 10 Heatsink requirements for 500 V 
insulation. 


a @55+01 7 
Y ! 7 
2,0 1,0+0,1 
+0,1 4 

A 


A 93,6 +02 . 


7278433 


Fig. 11 Heatsink requirements for 800 V 
insulation. 


® jnto tapped heatsink 


M3 screw 


Gan rectangular washer 56360a 


a7 rectangular insulating bush 56359d 


a mica insulator 56359b 
GuF heatsink ; 


Z85254 


Fig. 12 Insulated screw mounting with 
rectangular washer into tapped heatsink. 
Known as a “‘top mounting”. 
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120° 
a a 
v 
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<M oe 7275435 
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Fig. 13 Heatsink requirements for 500 V 
insulation. 


~<- VM et 7275436 


Fig. 14 Heatsink requirements for 1000 V 
insulation. 
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MOUNTING 
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MOUNTING INSTRUCTIONS FOR SOT-93 ENVELOPES 


GENERAL DATA AND INSTRUCTIONS 
General rule 


Avoid any sudden forces on leads and body; these forces, such as from falling on a hard surface, are 
easily underestimated. In the direct screw mounting an M4 screw must be used; an M3 screw in the 
insulating mounting. 


Heatsink requirements 


Flatness in the mounting area: 0,02 mm maximum per 10 mm. 
The mounting hole must be deburred. 


Heatsink compound 


The thermal resistance from mounting base to heatsink (Ri mb-h) can be reduced by applying a 
metallic-oxide heatsink compound between the contact surfaces. For insulated mounting the compound 
should be applied to the bottom of both device and insulator. 


Maximum play 


The bush or the washer may only just touch the plastic part of the body, but should not exert any 
force on that part. Keep mounting tool (e.g. screwdriver) clear of the plastic body. 


Mounting torques 
For M3 screw (insulated mounting): 


Minimum torque (for good heat transfer) 0,4 Nm ( 4 kgcm) 

Maximum torque (to avoid damaging the device) 0,6 Nm ( 6 kgcm) 
For M4 screw (direct mounting only): 

Minimum torque (for good heat transfer) 0,4 Nm ( 4 kgcm) 

Maximum torque (to avoid damaging the device) 1,0 Nm (10 kgcm) 


Note: The M4 screw head should not touch the plastic part of the envelope. 


Lead bending 

Maximum permissible tensile force on the body for 5 s 20 N (2 kgf) 
No torsion is permitted at the emergence of the leads. 

Bending or twisting is not permitted within a lead length of 0,3 mm. 


The leads can be bent through 90° maximum, twisted or straightened; to keep forces within the above- 
mentioned limits, the leads are generally clamped near the body. 


N.B.: Data on accessories are given in chapter Accessories. 
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SOT-93 


Soldering 
Recommendations for devices with a maximum junction temperature rating < 175 °C: 
a. Dip or wave soldering 


Maximum permissible solder temperature is 260 °C at a distance from the body of > 5 mm and for 
a total contact time with soldering bath or waves of <7 s. 


b. Hand soldering 


Maximum permissible temperature is 275 9C at a distance from the body of > 3 mm and for a total 
contact time with the soldering iron of <5s. 


The body of the device must not touch anything with a temperature > 200 °C. 


It is not permitted to solder the metal tab of the device to a heatsink, otherwise the junction tempera- 
ture rating will be exceeded. 


' Avoid any force on body and leads during or after soldering; do not correct the position of the device 
or of its leads after soldering. 


Thermal data 


clip screw 

mounting | mounting 
Thermal resistance from mounting base to heatsink = 
direct mounting 
with heatsink compound Rthmb-h = 0,3 0,3 K/W 
without heatsink compound | Rthmb-h =~ 1,5 0,8 K/W 
with 0,05 mm mica washer 
with heatsink compound Rthmb-h = 0,8 0,8 K/W 
without heatsink compound Rthmb-h = 3,0 2,2 K/W 


INSTRUCTIONS FOR CLIP MOUNTING 
Direct mounting with clip 56379 
1. Place the device on the heatsink, applying heatsink compound to the mounting base. 


2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to 
20° to the vertical (see Fig. 1b). | 


3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 1(c)). 


| ‘ 
ae 02, eed 
CLEAVE IITTIIIIIIE VITA? 
A ’ 
7275849 
Fig. 1a Heatsink requirements. Fig. 1b Mounting. Fig. 1c Position 


(1) = spring clip 56379. of the device. 
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Mounting instructions for SOT-93 envelopes 


Insulated mounting with clip 56379 
With the mica 56378 insulation up to 1500 V is obtained. 


1. Place the device with the insulator on the heatsink, applying heatsink compound to the bottom of 
both device and insulator. 


2. Push the short end of the clip into the narrow slot in the heatsink with the clip at an angle of 10° to 
20° to the vertical (see Figs 2a and 2b). 


3. Push down the clip over the device until the long end of the clip snaps into the wide slot in the 
heatsink. The clip should bear on the plastic body, not on the tab (see Fig. 2c). There should be 
minimum 3 mm distance between the device and the edge of the insulator for adequate creepage. 


7Z75848 


Fig. 2a Heatsink requirements. Fig. 2b Mounting. Fig. 2c Position 
(1) = spring clip 56379 of the device. 
(2) = insulator 56378 

INSTRUCTIONS FOR SCREW MOUNTING 

Direct mounting 


SOT-93 


B45 max «+ 
aamainz ay Ny V/ | 
2 
Zr | WZ min 

| t 

+g ra . 7289316 

7289317 
Fig. 3a Assembly through heatsink with nut. Fig. 3b Heatsink requirements. 


When screw mounting the SOT-93 envelope, it is particularly important to apply a thin, even layer of 
heatsink compound to the mounting base, and to apply torque to the screw slowly so that the 
compound has time to flow and the mounting base is not deformed. Most SOT-93 envelopes contain 


a crystal larger tnan that in the other plastic envelopes, and it is more likely to crack if the mOUntIAG 
base is deformed. 


Legend: (1) M4 screw; (2) piain washer; (6) M4 nut. 
Where vibrations are to be expected the use of a lock washer or of a curved spring washer is recommen- 
ded, with a plain washer between aluminium heatsink and spring washer. 
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Insulated screw mounting with nut; up to 800 V. 


NN 
me 


7) 


a a en Oe Oe ee Fe mee Mee eeeeweeees 


Fig. 4 Assembly. 
See also Fig. 9. 


(1) M3 screw 

(2) plain washer 

(3) insulating bush (56368b) 
(4) mica insulator (56368a) 
(5) lock washer | 

(6) M3 nut | 


Fig. 5 Heatsink requirements 


up to 800 V insulation. 


insulated screw mounting with tapped hole; up to 800 V. 
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Fig. 6 Assembly. 
See also Fig. 9. 


al 


<M 3 7Z75328.1 


Fig. 7 Heatsink requirements 
up to 800 V insulation. 


(1) M3 screw 

(2) plain washer | 

(3) insulating bush (56368b) 
(4) mica insulator (56368a) 
(5) lock washer 
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Mounting instructions for SOT-93 envelopes 


Insulated screw mounting with insert nut; up to 500 V 


72753231 


Fig. 8 Assembly and heatsink requirements 
for 500 V insulation. See also Fig. 3. 


(1) M3 screw 

(2) plain washer 

(3) insulating bush (56368b) 
(4) mica insulator (56368a) 
(5) lock washer 


SOT-93 


insulator 


7Z75329 


Fig. 9 Mica insulator. 


The axial deviation (a~) between SOT-93 and mica should not exceed 59. 
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INDEX OF TYPE NUMBERS 


The inclusion of a type number in this publication does not necessarily imply its availability. 


typeno. book _ section type no. book _ section typeno. book _ section 


BAS29 S7/S1 BAV 101 S7/S1 Mm /SD 
BAS31 S7/S1 BAV102 S7/S1 Mm /SD 
BAS32 S7/S1 BAV103 S7/S1 Mm / SD 
BAS 35 S7/S1 BAW56 $7/S1 Mm /SD 
BAS45 BAW62 


BAS56 BAX12 
BAT17 BAX 14 
BAT 18 BAX 18 
BAT54 BAY80 
BAT74 BB112 


BATS 1 BB119 
BAT82 BB130 
BAT83 BB204B 
BAT85 BB204G 
BAT86 BB212 


BB405B 
BB417 
BB809 
BBIOSA 
BAS 16 BB909B 


BAS17 BAV23 BBY31 
BAS19 BAV45 BBY 40 
BAS20 BAV70 BC107 
BAS21 BAV99 BC108 
BAS28 BAV100 $7/S1 BC109 


Mm = Microminiature semiconductors Sp = Special diodes 
for hybrid circuits T = Tuner diodes 
SD = Small-signal diodes Vrg = Voltage regulator diodes 


Sm = Small-signal transistors 
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| typeno, book section —_| no. book — section | typeno. book section _| no. book _ section | typeno. book _ section| no. book — section 

BCc140 $3 Sm BC818 S7 Mm 

BC141 $3 Sm BC846 $7 Mm 

BC 146 $3 Sm BC847 $7 Mm 

BC160 $3 Sm BC848 S7 Mm 

BC161 $3 Sm BC849 S7 Mm 

BC177 $3 Sm BC850 S7 Mm 

BC178 §3 Sm BC856 $7 Mm 

BC179 $3 Sm BC857 $7 Mm 

BC200 53 Sm BC858 ot Mm BCX70* 

BC264A $5 FET BC859 S7 Mm BCX71* 

BC264B S5 FET BC860 S7 Mm BCY56 

BC264C SS FET BC868 S7 Mm BCY57 

BC264D $5 FET BC869 S7 Mm BCY58 

BC327;A S3 Sm BCF29;R S7 Mm BCY59 

BC328 $3 Sm BCF30;R S7 Mm BCY70 

BC337;A $3 Sm BCF32;R S/7 Mm BCY71 

BC338 $3 Sm BCF33;R S7 Mm BCY72 

BC368 $3 Sm BCF70;R $7 / Mm | BCY78 

BC369 $3 Sm | BCF81;R $7 Mm BCY79 

BC375 $3 Sm BCV61 $7 Mm BCY87 

BC376 $3 Sm BCV62 S7 Mm BCY88 

BC5 46 $3 Sm BCV71;R S7 Mm BCY89 

BC5 47 $3 Sm BCV72;R_  S7 Mm BD131 

BC548 $3 Sm BCW29;R S7 Mm BD 132 

BC549 $3 Sm BCW30;R S7 Mm BD135 

BC550 $3 Sm BCW31;R $7 Mm BD136 P 

BC556 $3 Sm BCW32;R S7 Mm BD137 P 

BC557 $3 Sm BCW33;R S7 Mm BD138 P 

BC558 $3 Sm BCW60* S7 Mm BD139 P 

BC559 $3 Sm BCW61* $7 Mm BD 140 P 

BC560 S3 Sm BCW69;R $7 Mm BD201 P 

BC635 $3 Sm BCW70;R_ S7 Mm BD202 P 

BC636 S3 Sm BCW71;R S7 Mm BD203 P 

BC637 $3 Sm BCW72;R S7 Mm BD204 P 

BC638 $3 Sm BCW81;R $7 Mm BD226 P 

BC639 $3 Sm BCW89;R S7 Mm BD227 P 

BC640 $3 Sm BCX17;R $7 Mm BD228 P 

BC807 S7 Mm BCX18;R $7 Mm BD229 P 

BC808 S7 Mm BCX19;R S7 Mm BD230 P 

BC817 $7 Mm BCX20;R_ S7 Mm BD231 P 
* = series P = Low-frequency power transistors 
FET = Field-effect transistors Sm = Small-signal transistors 


Mm = Microminiature semicondcutors 
for hybrid circuits 
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| typeno. book section _| | typeno. book section _| section | typeno. book section _| book section } typeno. book section book section 


BD843 S4a 
BD844 S4a 
BD845 S4a 
BD8 46 S4a 
BD847 S4a 


BD433 S4a 
BD434 S4a 
BD435 S4a 
BD436 S4a 
BD437 S4a 


BD233 S4a 
BD234 S4a 
BD235 S4a 
BD236 S4a 
BD237 S4a 


muy so rd 
oO tO UO 
uw to Od UD 


BD8 48 S4a 
BD849 S4a 
BD850 S4a 
BD933 S4a 
BD934 S4a 


BD438 S4a 
BD645 S4a 
BD646 S4a 
BD647 S4a 
BD648 


BD238 S4a 
BD239 S4a 
BD239A S4a 
BD239B S4a 
BD239C S4a 


ucliec ise Misc iisc) 
widowed sO 
urd und wU 


BD935 S4a 
BD9 36 S4a 
BD937 S4a 
BD938 S4a 
BD939 S4a 


BD649 

BD650 S4a 
BD651 S4a 
BD652 S4a 
BD675 S4a 


BD240 S4a 
BD240A S4a 
BD240B S4a 
BD240C S4a 
BD241 S4a 


td oh OO tS 
uw UW OD 
woo w oy 


BD940 S4a 
BD941 S4a 
BD942 S4a 
BD943 S4a 
BD944 S4a 


BD241A S4a 
BD241B S4a 
BD241C S$4a 
BD242 S4a 
BD242A S4a 


BD676 S4a 
BD677 S4a 
BD678 S4a 
BD679 S4a 
BD680 S4a 


oda s ms as Mac) 
cS to rot 
omuttsds 


BD945 S4a 
BD946 S4a 
BD947 S4a 
BD948 S4a 
BD949 S4a 


BD242B S4a 
BD242C S4a 
BD243 S4a 
BD243A 8 S4a 
BD243B S4a 


BD681 S4a 
BD682 S4a 
BD683 S4a 
BD684 S4a 
BD8 13 S4a 


muro Oo 
a a © a os © ©) 
am Oo 'U "OD 


BD243C 8=©S4a 
BD244 S4a 
BD244A =S4a 
BD244B = S4a 
BD244C = S4a 


BD950 S4a 
BD951 S4a 
BD952 S4a 
BD953 S4a 
BD954 S4a 


BD8 14 S4a 
BD815 S4a 
BD8 16 S4a 
BD817 S4a 
BD8 18 S4a 


otto hd wo 
= Bas a> Bo Bea) 
wom do we oO 


BD955 S4a 
BD956 S4a 
BDT20 S4a 
BDT2 1 S4a 
BDT29 S4a 


BD329 S4a 
BD330 S4a 
BD331 S4a 
BD332 S4a 
BD333 S4a 


BD825 S4a 
BD826 S4a 
BD827 S4a 
BD828 S4a 
BD829 


wo wW UW 
tad dd ro 
ols: Bias miso Mk 2) 


BDT29A S4a 
BDT29B S4a 
BDT29C S4a 
BDT30 S4a 
BDT30A 


BD830 
BD839 
BD8 40 
BD8 41 
BD842 


BD334 S4a 
BD335 S4a 
BD336 S4a 
BD337 S4a 
BD338 S4a 


whee 
wed uo UO 
od dU 


P = Low-frequency power transistors 
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typeno. book _ section typeno. book — section type no. book — section 
BDT30B S4a Pp BDT63B S4a 3) BDV91 S4a P 
BDT30C S4a ) BDT63C S4a P BDV92 S4a Pp 
BDT31 S4a Pp BDT64 S4a P BDV93 S4a p 
BDT31A S4a P BDT64A. S4a Pp BDV94 S4a Pp 
BDT31B S4a Pp BDT64B S4a Pp BDV95 S4a P 
BDT31C S4a P BDT64C S4a P BDV96 S4a P 
BDT32 S4a P BDT65 S4a ‘p BDW55 S4a P 
BDT32A S4a P BDT65A S4a Pp BDW56 S4a p 
BDT32B S4a P BDT65B S4a Pp BDW57 S4a Pp 
BDT32C S4a Pp BDT65C S4a Pp BDW58 S4a Pp 
BDT41 S4a Pp BDTS8 1 S4a Pp BDW59 S4a P 
BDT41A S4a Pp BDT82 S4a Pp BDW60 S4a ) 
BDT41B S4a P BDT83 S4a p BDX35 S4a Pp 
BDT41C S4a Pp BDT84 S4a Pp BDX36 S4a P 
BDT42 S4a Pp BDT85 S4a Pp BDX37 S4a P 
BDT42A S4a p BDT86 S4a Pp BDX42 S4a Pp 
BDT42B S4a P BDT87 S4a p BDX43 S4a Pp 
BDT42C S4a P BDT88 S4a P BDX44 S4a Pp 
BDT51 S4a Pp BDT91 S4a P BDX45 S4a P 
BDT52 S4a P BDT92 S4a Pp BDX46 S4a Pp 
BDT53 S4a Pp BDT93 S4a Pp BDX47 S4a Pp 
BDT54 S4a Pp BDT94 S4a Pp BDX62 S4a Pp 
BDT55 S4a E BDT95 S4a Pp BDX62A S4a Pp 
BDT56 S4a P BDT96 S4a Pp BDX62B S4a Pp 
BDT5S7 S4a P BDV64 S4a Pp BDX62C S4a Pp 
BDT58 S4a Pp BDV64A S4a Pp BDX63 S4a Pp 
BDT60 S4a P BDV64B S4a 1) BDX63A S4a P 
BDT60A S4a P BDV64c =S4a P BDX63B S4a P 
BDT60B S4a P BDV65 S4a Pp BDX63C S4a_. P 
BDT60C S4a Pp BDV65A S4a Pp BDX64 S4a Pp 
BDT61 S4a Pp BDV65B S4a Pp BDX64A S4a P 
BDT61A S4a Pp BDV65C S4a Pp BDX64B S4a p 
BDT61B S4a P BDV66A S4a Pp BDX64C S4a P 
BDT61C S4a Pp BDV66B S4a Pp BDX65 S4a Pp 
BDT62 S4a P BDV66C S4a Pp BDX65A S4a Pp 
BDT62A S4a p BDV66D S4a P BDX65B S4a Pp 
BDT62B S4a Pp BDV67A S4a p BDX65C  S4a P 
BDT62C S4a P BDV67B = S4a Pp BDX66 S4a_ Pp 
BDT63 S4a Pp BDV67C + S4a Pp BDX66A S4a Pp 
P BDV67D S4a Pp BDX66B S4a Pp 


BDT63A S4a 


P = Low-frequency power transistors 
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INDEX 


book section 


type no. type no. book — section type no. book — section 


BDX66C S4a P BF410A = S5 FET 
BDX67 S4a P BF410B S5 FET 
BDX67A S4a P BF410C S5 FET 
BDX67B S4a P BF410D S55 FET 
BDX67C S4a P BF419 S4b HVP 


BDX68 S4a Pp BF420 S3 Sm BF819 S4b HVP 
BDX68A S4a P BF421 $3 Sm BF820 $7 Mm 
BDX68B S4a P BF422 $3 Sm BF821 S7 Min 
BDX68C S4a P BF423 $3 Sm BF822 Sy Mm 
BDX69 S4a P BF450 $3 Sm BF823 S7 Mm 
BDX69A S4a P BF451 S3 Sm BF824 S7 Mm 
BDX69B S4a P BF457 S4b HVP BF857 S4b HVP 
BDX69C S4a Pp BF 458 S4b HVP BF858 S4b HVP 
BDX77 S4a P BF459 S4b HVP BF859 S4b HVP 
BDX78 S4a Pp BF 469 S4b HVP BF869 S4b HVP 
BDX9 1 $4a P BF470 S4b HVP BF870 S4b HVP 
BDX92 S4a P BF 471 S4b HVP BF871 S4b HVP 
BDX93 S4a P BF472 S4b HVP BF872 S4b HVP 
BDX94 S4a P BF 483 $3 Sm | BF926 $3 Sm 
BDX95 S4a P BF485 $3 Sm . BF936 $3 Sm 
BDX96 S4a P BF487 $3 Sm BF939 $3 Sm 
BDY9O S4a P BF494 $3 Sm BF960 $5 FET. 
BDYIOA S4a P BF495 $3 Sm BF964 $5 FET 
BDY9 1 S4a P BF 496 $3 Sm BF966 S5 FET 
BDY92 S4a Pp BF510 S$7/S5  Mm/FET BF967 S3 Sm 
BF 198 $3 Sm BF511 $7/S5  Mm/FET BF970 $3 Sm 
BF199 $3 Sm BF512 $7/S5 Mm/FET BF979 $3 Sm 
BF240 $3 Sm BF513 $7/S5 Mm/FET BF980 $5 FET 
BF24 1 $3 Sm BF536 S7 Mm BF98 1 55 FET 
BF245A SD FET BF550;R = S7 Mm BF982 $5 FET 
BF245B = S5 FET BF569 S7 Mm BF989 S7/S5 Mm/FET 
BF245C 52> FET BF579 S7 Mm BFI9O S7/$5 Mm /FET 
BF247A $5 FET BF583 S4b HVP BF9914 57/85 Mm /FET 
BF247B = S5 FET BF585 S4b HVP BF992 S$7/S55  Mm/FET 
BF247C 3=S5 FET | BF587 S4b HVP BF994 S7/S5  Mm/FET 
BF256A $5 FET BF591 S4b | HVP BF996 $7/S5 Mm / FET 
BF256B $5 FET BF593 S4b HVP BFG23 S10 WBT 
BF256C $5 FET BF620 $7 Mm BFG32 $10 WBT 
BF324 $3 Sm BF621 S7 Mm BFG34 S10 WBT 
BF370 $3 Sm BF622 $7 Mm BFG51 S10 WBT 

FET = Field-effect transistors P = Low-frequency power transistors 

HVP = High-voltage power transistors Sm = Small-signal transistors 

Mm = Microminiature semiconductors WBT = Wideband hybrid IC transistors 


for hybrid circuits 
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| typeno. book section _ no. book section | typeno. book section _| no. book — section | typeno. book section | no. book section 
BFG65 S10 BFR31 S$5/S7 FET /Mm BFW17A S10 WBT 
BFGIOA BFR49 $10 WBT BFW30 $10 WBT 
BFG91A BFR53;R S7 Mm BFW61 S5 FET 
BFG96 BFR54 $3 Sm BFW92 $10 WBT 
BFP90A BFR64 $10 WBT BFW92A S10 WBT 
BFP91A BFR65 $10 WBT BFW93 S10 WBT 
BFP96 BFR84 $5 FET BFX29 $3 Sm 
BFQ10 BFRIO $10 WBT BFX30 S3 Sm 
BFQ11 BFRIOA S10 WBT BFX34 $3 Sm 
BFQ12 BFR9 1 $10 WBT BFX84 $3 Sm 
BFQ13 BFRI1A $10 WBT BFX85 $3 Sm 
BFQ14 BFR92;R_ S7 Mm BFX86 $3 Sm 
BFQ15 BFR92A;R S7 Mm BFX87 $3 Sm 
BFQ16 BFR93;R S7 Mm BFX88 $3 Sm 
BFQ17 BFR93A;R S7 Mm BFX89 S10 WBT 
BFQ18A BFR94 $10 WBT BFY50 53 Sm 
BFQ19 BFR95 $10 WBT BFY51 $3 Sm 
BFQ22S BFR96 $10 WBT ~BFY52 $3 Sm 
BFQ23 BFR9I6S S10 WBT BFY55 $3 Sm 
BFQ23C BFR101A;B S7/S5 Mm/FET BFY90 S10 WBT 
BFQ24 BFS17;R $7 Mm BG2000 $1 RT 
BFQ32 WBT BFS18;R_ $7 Mm BG2097 S1 RT 
BFQ32C oS WBT BFS19;R_ S7 Mm BGD102 S10 WBM 
BFQ32S WBT BFS20;R_ $7 Mm BGD102E $10 WBM 
BFQ33 WBT BFS21 $5 FET BGD104 $10 WBM 
BFQ34 WBT BFS21A $5 FET BGDIO4E $10 WBM 
BFQ34T WBT BFS22A S6 RFP BGX11* S2b ThM 
BFQ42 RFP BFS23A S6 RFP BGX12* S2b ThM 
BFQ43 RFP BFT24 $10 WBT BGX13*  S2b ThM 
BFQ51 WBT BFT25;R $7 Mm BGX14* S2b ThM 
BFQ51C WBT BFT44 $3 Sm BGX15* S2b ThM 
BFQ52 WBT BFT45 $3 Sm BGX17* S2b ThM 
BFQ53 WBT BFT46 $7/S5  Mm/FET BGX25 S2a ThM 
BFQ63 WBT BFT92;R  S7 Mm BGY22 56 RFP 
BFQ65 WBT BFT93;R $7 Mm BGY22A S6 RFP 
BFQ66 WBT BFW10 S5 FET BGY23 S6 RFP 
BFQ68 WBT BFW11 S5 FET BGY23A S6 RFP 
BFQ136 WBT BFW12 $5 FET BGY32 S6 RFP 
BFR29 $5 FET BFW13 S5 FET BGY33 S6 RFP 
BFR30 S5/S7 FET/Mm BFW16A $10 WBT  BGY35 S6 RFP 

* = series Sm = Small-signal transistors 

FET = Field-effect transistors ThM = Thyristor modules 

Mm = Microminiature semiconductors WBM = Wideband hybrid IC modules 

for hybrid circuits WBT = Wideband hybrid IC transistors 
RFP = R.F. power transistors and modules 
RT = Tripler 
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typeno. book _ section | typeno. book section no. book — section | typeno. book section no. book _ section 
BGY36 S6 RFP BLU45/12 S6 RFP BLW33 . S6 RFP 
BGY40A S6 RFP BLU50 S6 RFP BLW34 S6 RFP 
BGY40B S6 RFP BLUS5 1 S6 RFP BLWSOF S6 RFP 
BGY41A S6 RFP BLU52 $6 RFP BLW60 S6 RFP 
BGY41B S6 RFP BLU53 S6 RFP BLW60C S6 RFP 
BGY43 S6 RFP BLU60/12 S6 RFP BLW76 S6 RFP 
BGY45A S6 RFP BLU97 S6 RFP BLW/77 S6 RFP 
BGY45B = S6 RFP BLU98 S6 RFP BLW78 S6 RFP 
BGY46A S6 RFP BLUS99S S6 RFP BLW79 S6 RFP 
BGY46B S6 RFP BLV10 S6 RFP BLW80 S6 RFP 
BGY47. $6 RFP BLV11 6 RFP BLW81 $6 RFP 
BGY50 S10 WBM BLV20 S6 RFP BLW82 S6 RFP 
BGY51 S10 WBM BLV21 S6 RFP BLW83 S6 RFP 
BGY52 S10 WBM BLV25 S6 RFP BLW84 S6 RFP 
BGY53 S10 WBM BLV30 S6 RFP BLW85 S6 RFP 
BGY54 $10 WBM BLV30/12 S6 RFP BLW86 S6 RFP 
BGY55 S10 WBM BLV31 S6 RFP BLW87 S6 RFP 
BGY56 $10 WBM BLV32F S6 RFP BLW89 S6 RFP 
BGY57 $10 WBM BLV33 S6 RFP BLW9I0 S6 RFP 
BGY58 $10 WBM BLV33F S6 RFP BLW9 4 S6 RFP 
BGY58A S10 WBM BLV36 S6 RFP BLW95 S6 RFP 
BGY59 $10 WBM BLV37 S6 RFP BLW96 S6 RFP 
BGY60 S10 WBM BLV45/12 S6 RFP BLW97 S6 RFP 
BGY6 1 $10 WBM BLV57 S6 RFP BLW98 S6 RFP 
BGY65 $10 WBM BLV59 S6 RFP BLW99 S6 RFP 
BGY67 $10 WBM BLV75/12 S6 RFP BLX13 S6 RFP 
BGY67A S10 WBM BLV80/28 S6 RFP BLX13C S6 RFP 
BGY70 $10 WBM BLV3O S6 RFP BLX14 S6 RFP 
BGY71 S10 WBM BLV91 S6 RFP BLX15 S6 RFP 
BGY74 $10 WBM BLV92 S6 RFP BLX39 S6 RFP 
BGY75 $10 WBM | BLV93 S6 RFP BLX65 S6 RFP 
BGY84 $10 WBM BLV94 S6 RFP BLX65E S6 RFP 
BGY84A $10 WBM BLV95 S6 RFP BLX67 S6 RFP 
BGY85 $10 WBM BLV96 S6 RFP BLX68 S6 RFP 
BGY85A = S10 WBM BLV97 S6 RFP BLX69A S6 RFP 
BGY93A S6 RFP BLV98 S6 RFP BLX91A S6 RFP 
BGY93B S6 RFP BLV99 S6 RFP BLX91CB S6 RFP 
BGY93C §=6©S6 RFP BLW29 S6 RFP BLX92A S6 RFP 
BLU20/12 S6 RFP BLW31 S6 RFP BLX93A S6 RFP 
BLU30/12 S6 RFP BLW32 S6 RFP BLX94A 8 8=S6 RFP 


* = series 
RFP =R.F. power transistors and modules 
WBM = Wideband hybrid IC modules 


October 1985 


INDEX 


| typeno. book section _ book _ section | typeno. book section _ book _ section syne Ad: book section 
BLX94C =: S6 RFP BS170 $5 FET BSS61 S3 Sm 
BLX95 S6 RFP BSD10 $5 FET BSS62 $3 Sm 
BLX96.—s S6 RFP BSD12 $5 FET BSS63;R_ S7 Mm 
BLX97 S6 RFP BSD20 S$5/7 FET BSS64;R_ S7 Mm 
BLX98 S6 RFP BSD22 $5/7 FET BSS68 $3 Sm 
BLY85 S6 RFP BSD212 3 $5 FET BSS83 S5/7 FET/Mm 
BLY87A S6 RFP BSD213  ~=S5 FET BST15 S7 Mm 
BLY87C 8 S6 RFP BSD214 =3=$5 FET BST16 $7 Mm 
BLY88A S6 RFP BSD215  ~=S5 FET BST39 $7 Mm 
BLY88C § S6 RFP BSR1i2;R_ S7 Mm BST40 $7 Mim 
BLY89A S6 RFP BSR13;R_ S7 Mm BST50 S7 Mm 
BLY89C S6 RFP BSR14;R = S7 Mm BST51 S7 Mm 
BLY9O S6 RFP BSR15;R_  S7 Mm BST52 S7 Mm 
BLYI1A S6 RFP BSR16;R S7 Mm BST60 S7 Mm 
BLY91C S6 RFP BSR17;R_ $7 Mm BST61 S7 Mm 
BLY92A 56 RFP BSR17A;R S7 Mm BST62 S7 Mm 
BLY92C =S6 RFP BSR18;R_ S7 Mm BST7OA  ~=S5 FET 
BLY93A S6 RFP BSR18A;R S7 Mm BST72A =$5 FET 
BLY93C = S6 RFP BSR30 $7 Mm BST74A = $5 FET 
BLY94 56 RFP BSR31 S7 Mm BST76A ~=S5 FET 
BLY97 S6 RFP BSR32 S7 Mm BST78 $5 FET 
BPF 10 $8 PDT BSR33 S7 Mm BST80 S5 FET 
BPF24 $8 PDT BSR40 S7 Mm BST82 S5 FET 
BPW22A = S88 PDT BSR41 S7 Mm BST84 $5 FET 
BPW50 58 PDT BSR42 S7 Mm BST86 S5 FET 
BPX25 $8 PDT BSR43 S7 Mm BST9IO $5 FET 
BPX29 $8 . PDT BSR50 S3 Sm BST97 S5 FET 
BPX40 $8 PDT BSR51 S3 Sm BST100 =$5 FET 
BPX41 58 PDT BSR52 S3 Sm BST110 $5 FET 
BPX42 58 PDT BSR56 S7/S5  Mm/FET BST120 = S5 FET 
BPX7 1 S8 PDT BSR57 S7/S5  Mm/FET | BST122 ~ S5 FET 
BPX72 $8 PDT BSR58 S$7/S5 Mm /FET BSV15 $3 Sm 
BPX95C $8 PDT BSR60 53 Sm BSV16 $3 Sm 
BR100/03 S2b Th BSR61 S3 Sm BSV17 $3 Sm 
BR101 $3 Sm BSR62 S3 Sm BSV52;R_  S7 Mm 
BRY39 $3 Sm BSS38 $3 Sm BSV64 $3 Sm 
BRY56 $3 Sm BSS50 S3 Sm BSV78 S5 FET 
BRY61 S/ Mm BSS51 S3 Sm BSV79 $5 FET 
BRY62 S7 Mm BSS52 S3 Sm BSV80 S5 FET 
BS107 $5 FET BSS60 $3 Sm BSV8 1 $5 FET 
FET = Field-effect transistors PDT = Photodiodes or transistors 
Mm = Microminiature semiconductors Th = Thyristors 
for hybrid circuits Tri = Triacs 


Sm = Small-signal transistors RFP = R.F. power transistors and modules 
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type no. 


BT 139* 
BT149* 
BT151* 
BT152* 
BT 153 


BT155* 
BT157* 
BTIV24* 
BTV34* 
BTV58* 


BTV59* 
BIV60* 
BTW23* 
BIW38* 
BTW40* 


BTW42* 
BIW43* 
BTW45* 
BTW58* 
BTW59* 


BTW63* 
BIW92* 
BTX18* 
BTX9 4* 
BTY79* 


book 


section 


type no. 


BTY91* 
BU426 
BU426A 
BU433 
BU505 


BU506 
BU5O6D 
BU508A 
BU5SO8D 
BU705 


BU706 
BU706D 
BU806 
BU807 
BU804 


BU824 
BU826 
BUP22* 
BUP23* 
BUS11;A 


BUS12;A 
BUS13;A 
BUS14;A 
BUS21* 
BUS22* 


BUS23* 
BUT11;A 
BUT11F 
BUT11AF 
BUV82 


BUV83 
BUV89 
BUVIO;A 
BUW11;A 
BUW12;A 


BUW13;A 
BUW8 4 
BUW85 
BUX46;A 
BUX47;A 


book section 
S2b 
S4b 
S4b 


type no. 


BUX80 
BUX8 1 
BUX82 
BUX83 


BUX84 
BUX84F 
BUX85 
BUX85F 
BUX86 


BUX87 
BUX88 
BUX90 
BUX98 
BUX98A 


BUX99 
BUY89 
BUZ10 
BUZ10A 
BUZ 11 


BUZ11A 
BUZ 14 
BUZ15 
BUZ20 
BUZ21 


BUZ23 
BUZ24 
BUZ25 
BUZ30 
BUZ31 


BUZ32 
BUZ33 
BUZ34 
BUZ35 
BUZ 36 


BUZ40 
BUZ41A 
BUZ42 
BUZ43 
BUZ44A 


book section 


S9 
S9 
S9 
S9 


Sm = Small-signal transistors 
Th = Thyristors 
Tri = Triacs 


* = series 

PM = Power MOS transistors 

R = Rectifier diodes 

SP = Low-frequency switching power transistors 
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book 


section 


— type no. 


BUZ45 


BUZ45A = S9 PM 
BUZ45B = S9 PM 
BUZ45C = S9 PM 


BUZ46 


BUZ50A 


BUZ50B = S9 PM 
BUZ53A S9 PM 
BUZ54 S9 PM 


BUZ54A 


BUZ60 


BUZ60B S9 PM 
BUZ63 S9 PM 
BUZ63B = 8=6S9 PM 


BUZ64 


BUZ7 1 


BUZ71A $9 PM 
BUZ72 Sg PM 


BUZ72A 8 S9 PM 
BUZ73A 


BUZ74 | 
BUZ74A = S9 PM 
BUZ76 = S9 PM 
BUZ76A  S9 PM 
BUZ80 


BUZ80A F 
BUZ83 $9 PM 


BUZ83A = S9 PM 
BUZ84 S9 PM 


BUZ84A 


BY228 Si 


BY229* S2a 
BY249* S2a 
BY260* S2a 


AAAaDw 


BY261* 


BY329* S2a R 
BY359* S2a R 
BY438 51 R 
BY448 51 R 

R 


BY 458 


* = series 
R = Rectifier diodes 
PM = Power MOS transistors 
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type no. 


BY505 
BY509 
BY527 
BY584 
BY588 


BY609 


BYV23* 
BYV24* 
BYV26 

BYV27* 
BYV28* 


BYV29* 
BYV30* 
BYV32* 
BYV33* 
BYV34* 


book 


$1/S2a 
$1/S2a 


S2a 
S2a 
S2a 
S2a 
S$2a 


section 


BDWmaDw DmAmnaDn AAAW Dw AnDADD Dw Bmw Dw ADAD A DBDwWnDn wD 


DADA D Da 


type no. 


BYV36- 
BYV39* 
BYV42* 
BYV43* 
BYV72* 


BYV73* 
BYV79* 
BYV92* 
BYV95A 
BYV95B 


BYV95C 
BYV96D 
BYV9I6E 
BYW25* 
BYW29* 


BYW30* 
BYW31* 
BYW54 
BYW55 
BYW56 


BYW92* 
BYW93* 
BYW94* 
BYW95A 
BYW95B 


BYW95C 
BYW96D 
BYW96E 
BYX25* 
BYX30* 


BYX32* 
BYX38* 
BYX39* 
BYX42* 
BYX46* 


BYX50* 
BYX52* 
BYX56* 
BYX90G 
BYX94 


book 


S1 

S2a 
S2a 
S2a 
S2a 


S2a 
S2a 
S2a 
S1 
$1 


AADWnA AD 


section 


aww wD awww a Aww ww 


AWD Dw 


ADA wD 


AAA DwDD 


R 
R 
R 
R 
R 


* 


D 


type no. book 
BYX96* S2a 
BYX97* S2a 
BYX98* S2a 
BYX99* S2a 
BZD23 $1 
BZTO3 $1 
BZV10 $1 
BZV11 $1 
B2V12 S1 
BZV13 $1 
BZV14 $1 
BZV37 $1 
BZV46 S1 
BZV49* S1/S7 
BZV55* S7 
BZv85. St 
BZ2WO3 $1 
BZW14 S1 
BZW70* S2a 
BZW86* S2a 
BZW9 1* S2a 
BZX55 S1 
BZX70* S2a 
BZX75 S1 
BZX79* S1 
BZX84* S7/S1 
BZX90 S1 
BZX91 $1 
BZX92 S1 
BZ2X93 $1 
BZX94 S1 
BZY91* S2a 
BZY93* S2a 
BZY95* S2a 
BZY96* S2a 
CFX13 S11 
CFX21 S11 
CFX30 S11 
CFX3 1 S11 
CFX32 S11 
= series 
= Displays 


section 


Vrf 
vrg 
Vrg/Mm 
Mm 


Vrg 
Vrg 


Mm/Vrg 
Vrft 
Vrt 


LED = Light-emitting diodes 
= Microwave transistors 


M 


Mm = Microminiature semiconductors 


Ph 


= Photoconductive devices 


type no. 


CFX33 
CNX2 1 
CNX35 
CNX36 
CNX37 


CNX38 
CNX44 
CNX48 
CNX62 
CNY50 


CNY52 
CNY53 
CNY57 
CNY57A 
CNY62 


CNY63 
CQ209S 
CQ216X 
CQ216Y 
CQ327;R 


CQ330;R 
CQ331;R 
CQ332;R 
CQ427;R 
CQ430;R 


CQ431;R 
CQ432;R 
CQF24 
CQL10A 
CQL13 


CQL13A 
CQL14A 
CQL14B 
CQN10 
CON11 


CQT10 
CQT11 
CQT12 


CQV60(L) S8 
CQV60A(L)S8 


book section 
S11 M 
$8 Phc 
S8 Phc 
S8 Phc 
S8 Phc 
S8 Phc 
S8 Phc 
S8 Phc 
58 Phc 
58 Phc 
S8 Phc 
S8 Phc 
58 Phc 
S8 Phc 
S8 Phc 
S8 Phc 
S8 D 
S8 D 
$8 D 
S8 D 
S8 D 
S8 D 
S8 D 
S8 D 
S8 D 
S8 D 
S8 D 
$8 Ph 
58 Ph 
58 Ph 
S8 Ph 
S8 Ph 
S8 Ph 
$8 LED 
S8 LED 
58 LED 
$8 LED 
S8 LED 
LED 
LED 


PhC = Photocouplers 


type no. 


CQOV61A(L) 
CQV62(L) 
CQV70(L) 
CQV7OA(L) 
CQV71A(L) 


CQV72(L) 
CQV80L 
CQV80AL 
CQV81L 
CQV82L 


CQW10(L) 

CQWIOA(L) 
CQW10B(L.) 
CQW1I1A(L) 
CQW11B(L) 


CQWwi2(L) 
CQW12B(L) 
CQW20A 
CQW21 
CQW22 


CQW24(L) 
CQW54 
CQX10 
CQX11 
CQX12 


CQX24(L) 
CQX51 

CQX54(L) 
CQX64(L) 
CQX74(L) 


CQX74Y 
CQY11B 
CQY11C 
CQY24B(L) 
CQY49B 


CQY49C 
CQY50 
CQY52 
CQY54A 
CQY58A 


R = Rectifier diodes 


TS = Transient suppressor diodes 


Vrf = Voltage reference diodes 
Vrg = Voltage regulator diodes 


book 


INDEX 


section 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 


LED 
LED 
LED 
LED 
LED 
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CQY89A S8 
CQY94 $8 
CQY94B(L) S8 
CQY9I5B S8 
CQOY96(T.) S8 
CQOY97A 58 
LAE2ZO0i1R S11 
LAE4001Q S11 
LAE400iR 511 
_LAE4002S = $11 
LAE6000Q = S11 
LBE1004R $11 
LBE1010R S11 
LBE2003S $11 
LBE2005Q = S11 
LBE2008T S11 
LBE2009S = S11 
LCE1010R = S11 
LCE2003S S11 
LCE2005Q = S11 
LCE2008T Sii 
LCE20095 Sii 
LJE42002T S11 
LKE1004R = S11 
LKE2002T S11 
LKE2004T = Si1 
LKE2O15T S11 
LKE21004R S11 
LKE21015T S11 
LKE21050T S11 
LKE27010R S11 
LKE27025R S11 
LKE32002T S11 
LKE32004T S11 
LTE42005S_ S11 
LTE42008R S11 
LTE42012R 


FET = Field-effect transistors 


$11 
LV1i721E5OR S11 
LV2024E45R S11 
LV2327E40R S11 


| type no. book = section | 


LED 
LED 
LED 
LED 
LED 


LED 
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LED = Light-emitting diodes 


M 
P 


= Microwave transistors 
= Low-frequency power transistors 


October 1985 


type no. 


LV3742E16R S11 
LV3742E24R S11 


LWE2015R = $11 
LWE2025R- $11 
LZ1418E100RS11 


MKB12040WS S11 
MKB12100WS S11 
MKB12140W Si1 
M06075B200ZS114 
M06075B4002ZS11 


MRB12175YR S11 
MRB12350YR $11 
MS1011B700YS11 
MS6075B80025 11 
MSB12900Y Si1 


MZ0912B75Y Si1 


MZ0912B150YS11 
OM286 $13 
OM287 $13 
OM320 S10 
OM321 S10 
OM322 S10 
0M323 $10 
OM323A $10 
OM335 $10 
0M336 S10 
0OM337 $10 
OM337A $10 
0OM339 $10 
OM345 S10 
OM350 $10 
OM360 S10 
OM36 1 $10 
-0M370 $10 
OM386 $13 
OM387 $13 
0M93 1 S4a 
OM961 S4a 
0SB9110 S2a 
0SB9115 S2a 
SEN 
Sm 
St 


book 


= 2 SSS 


| 


i -- -<- 


=a SSS 


= Sensors 


0SB9210 
OSB9215 
0SB9410 
OSB9415 
0SM9110 


OSM9115 
OSM9210 
OSM9215 
OSM9410 
OSM9415 


0SM9510 
OSM9511 
OSM9512 
0589110 
0SS9115 


0S59210 
0859215 
0S59410 
0889415 
PBMF 4391 


PBMF 4392 
PBMF 4393 
PDE 100 1U 
PDE1003U 
PDE 1005U 


PDE1010U 
PEE 10010 
PEE1003U 
PEE 1005U 
PEE1010U 


PH2222;R 
PH2222A;R 


PH2369 
PH2907;R 
PH2907A;R 


PH2955T 
PH3055T 
PH5415 
PH5416 
PH13002 


= Small-signal transistors 


= Rectifier stacks 


WBM= Wideband hybrid IC modules 


S2a 
S2a 
S2a 


section type no. book section 


type no. book — section type no. book 
PH13003 S4b SP RPY89 S8 
PHSD51 S2a R RPY90* S8 
PKB3001U S11 M RPY91* S8 
PKB3003U S11 M RPY93 S8 
PKB3005U S11 M RPY94 S8 
PKB12005U S11 M RPY95 $8 
PKB20010U S11 M RPY96 S8 
PKB23001U S11 M RPY97 S8 
PKB23003U S11 M RV3135B5X S11 
PKB23005U $11 M RX1214B300Y S11 
PKB25006T S11 M RXB12350Y S11 
PKB32001U S11 M RZ1214B35Y S11 
PKB32003U S11 M RZ1214B60W S11 
PKB32005U $11 M RZ21214B65Y $11 
PPC5001T S11 M R2Z1214B125W S11 
PQC5001T Si1 M RZ1214B125Y S11 
PTB23001X S11 M RZ1214B150Y S11 
PTB23003X S11 M RZ2833B45W S11 
PTB23005X S11 M RZ3135Bi5U) $11 
PTB3200 1X S11 M RZ3135B15W S11 
PTB32003X S11 M R2Z3135B25U) S11 
PTB32005X S11 M RZ3135B30W S11 
PTB42001X S14 M RZ2B12100Y S11 
PTB42002X S11 M RZB12350Y S11 
PTB42003X S11 M RZZ1214B300YS11 
PV3742B4X S11 M TIP29* S4a 
PVB42004X Sit M TIP30* S4a 
PZ1418B15U) S11 M TIP3'1? S4a 
P21418B30U S11 M TIP32* S4a 
PZ1721B12U) Si1 M TIP 33" S4a 
PZ1721B25U) S11 M TIP34* S4a 
PZ2024B10U) $11 M TIP41* S4a 
P2Z2024B20U) S11 M TIP42* S4a 
PZB16035U S11 M TIP47 S4a 
PZB27020U S11 M TIP48 S4a 
RPY58A S8 Ph TIP49 S4a 
RPY76B 58 Ph TIP50 S4a 
RPY86 58 I TIP110 S4a 
RPY87 S8 I TIP111 S4a 
RPY88 S8 I TIP112 S4a 

- = series 

| = Infrared devices SD 

M = Microwave transistors Sm 

Pp = Low-frequency power transistors SP 

Ph = Photoconductive devices Vrf 

R = Rectifier diodes 


section 
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Utd Utd Oo 


type no. 


TIP115 ° 
TIP116 
TIP117 
TIP120 
TIP 121 


TIP 122 
TIP125 
TIP 126 
TIP127 
TIP 130 


TIP131 
TIP132 
TIP 139 
TIP 136 
TIP137 


TIP140 
TIP141 
TIP145 
TIP146 
TIP 147 


TIP2955 
TIP3055 
1IN821;A 
1N823;A 
1N825;A 


1N827;A 
IN829;A 
1N9 14 
1N916 
1N3879 


1N3880 
1N3881 
1N3882 
1N3883 
1N3889 


1N3890 
1N3891 
1N3892 
1N3893 
1N3909 


INDEX 


book 


RFP =R.F. power transistors and modules 
= Small-signal diodes 

= Small-signal transistors 
= Low-frequency switching power transistors 
= Voltage reference diodes 


section 


w Ur Uy coum wyW 9 mort twuord 


ro Mud UU 


October 1985 


INDEX 


A 


Ph 


R 


| typeno. book section _ no. 


1N3910 
1N3911 
1N3912 
1N3913 
1N4001G 


1N4002G 
1N4003G 
1N4004G 
1N4005G 
1N4006G 


1N4007G 
1N4148 
1N4150 
1N4151 
1N4153 


1N4446 
1N4448 
1N4531 
1N4532 
1N5059 


1N5060 
1N506 1 
1N5062 
1N5832 
1N5833 


1N5834 
1N6097 
1N6098 
2N918 
2N929 


2N930 

2N1613 
2N1711 
2N1893 
2N2219 


2N2219A 
2N2222 
2N2222A 
2N2297 
2N2368 


book 
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section 


FET = Field-effect transistors 

= Infrared devices 
= Photoconductive devices 
= Rectifier diodes 


| typeno. book section | no. 


2N2369 
2N2369A 
2N2483 
2N2484 
2N2904 


2N2904A 
2N2905 
2N2905A 
2N2906 
2N2906A 


2N2907 
2N2907A 
2N3019 
2N3020 
2N3053 


2N3375 
2N3553 
2N3632 
2N3822 
2N3823 


2N3866 
2N3903 
2N3904 
2N3905 
2N3906 


2N3924 
2N3926 
2N3927 
2N3966 
2N4030 


2N4031 
2N4032 
2N4033 
2N4091 
2N4092 


2N4093 
2N4123 
2N4124 
2N4125 
2N4126 


book 


section 


| typeno. book section | no. 


2N4391 
2N4392 
2N4393 
2N4427 
2N4856 


2N4857 
2N4858 
2N4859 
2N4860 
2N4861 


2N5400 
2N5401 
2N5415 
2N5416 
2N5550 


2N5551 
2N6659 
2N6660 
2N6661 
61SV 


375CQY/B 
497CQF/A 


498CQL 
5620 1d 
562013 


96245 
56246 
5626 1a 


56264a,b 


56295 


56326 
56339 
56352 
96353 
56354 


56359b 
96359c 
56359d 
56360a 
56363 


book section 


RFP = R.F. power transistors and modules 
SD =Small-signal diodes 
Sm_ = Small-signal transistors 
WBT= Wideband transistors 


YP YS YP > 


FET 
FET 
FET 
RFP 
FET 


FET 
FET 
FET 
FET 
FET 


Sm 
Sm 
Sm 
Sm 


YP YS bP > 


INDEX 


type no. section 


56364 
56367 
56368a 
56368b 
56369 


56378 $2, 4b 
56379 $2, 4b 
56387a,b  S4b 


> YY 
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